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57 ABSTRACT

Extracting, from an identical original image, regions esti-
mated to correspond to a principal portion thereof,
respectively, by means of a plurality of mutually different
extracting methods for extracting from an original 1image a
region estimated to correspond to a principal portion thereof,
and evaluating the extracting methods by comparing with
respect to a plurality of original images, on the one hand, the
regions estimated to correspond to the principal portion and
extracted respectively from the identical original 1mage by
the extracting methods and, on the other hand, a region
corresponding to the principal portion of the 1dentical origi-
nal 1image, or a region having a high probability of being a
region corresponding to the principal portion of the 1dentical
original 1mage and determined on the basis of the regions
estimated to correspond to the principal portion and
extracted respectively by the extracting methods; setting in
advance a weight with respect to each of the extracting
methods 1n correspondence with a result of evaluation;
extracting regions estimated to correspond to a principal
portion, respectively, from an original 1image from which the
principal portion 1s to be extracted, by the extracting meth-
ods; weighting each of the extracted regions by the weight
set for each of the extracting methods; and determining a
region having a high probability of being a region corre-
sponding to the principal portion of the original 1mage,
based on a result of the weighting. A region corresponding
to a principal portion of the original 1mage 1s determined
appropriately with a high probability.

32 Claims, 17 Drawing Sheets
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1

METHOD OF DETERMINING A PRINCIPAL
PORTION OF AN IMAGE AND METHOD OF
DETERMINING A COPYING CONDITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a method of determining,
a principal portion of an 1image and a method of determining
a copying condition, and more particularly to a method of
determining a principal portion for determining a region
having a high probability of being a region corresponding to
a principal portion of an image, as well as a method of
determining a copying condition in such a manner as to
allow a principal portion of an 1mage to be copied appro-
priately.

2. Description of the Related Art

In the appreciation of photographs, viewers’ attention 1s
mostly focused on a particular portion (hereafter referred to
as a principal portion) of the image just as the face of a
human figure attracts the greatest attention in the case of
portraits, for example. Therefore, when an original 1mage
recorded on a recording material such as a film 1s copied
onto a copying material such as a photographic printing
paper, 1t 1s necessary to determine a copying condition in
such a manner that the principal portion, such as the face of
a human figure, 1s printed appropriately.

For this reason, 1in Japanese Patent Application Laid-Open
No. 346332/1992, the applicant proposed a technique
wherein a color original 1mage 1s divided into a multiplicity
of pixels, and 1s spectrally separated into three colors and
photometrically measured for each pixel; a histogram on hue
values (and saturation values) is determined on the basis of
data obtained by the photometry; the determined histogram
1s divided 1nto ridges; a determination 1s made as to to which
of the divided ridges each pixel belongs, and each pixel is
classified mnto groups corresponding to the divided ridges;
the color original image 1s divided 1nto a plurality of regions
for each group; a region corresponding to the face of a
human figure serving as the principal portion among the
plurality of regions 1s estimated; and the exposure amount 1s
determined on the basis of the photometric data on the
estimated region.

With the above-described technique, however, 1n a case
where a non-human figure region of flesh color, such as the
oround or a trunk of a tree, which 1s present 1n the original
image, 1s located adjacent to the region corresponding to the
face of the human figure, 1t 1s difficult to separate the region
corresponding to the face of the human figure and the
non-human figure region.

In addition, 1n Japanese Patent Application Laid-Open
No. 160993/1994, a proposal has been made 1n which, in the
above-described technique, to improve the probability of
extracting a region corresponding to the face of a human
figure, a region abutting against an outer periphery of the
image 1s determined to be a background region and 1is
climinated, or an extracted region 1s represented as a
diagram, and a determination 1s made as to whether or not
the extracted region 1s a region corresponding to the face of
a human figure, on the basis of the shape of a neighboring
region located in the vicinity of the extracted region or the
shape of the extracted region.

With the above-described technique, however, a skin-
colored region, such as the ground or a trunk of a tree, 1s
present in the original image, 1n a case where the hue and the
saturation of the skin-colored region are similar to the hue
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2

and the saturation of the region corresponding to the face of
the human figure 1n the original 1mage, there 1s a possibility
that this skin-colored region 1s erroneously determined to be
a region corresponding to the face of a human figure. In
addition, if this skin-colored region 1s adjacent to the region
corresponding to the face of the human figure, the skin-
colored region and the region corresponding to the face of
the human figure cannot be separated from each other, so
that the region corresponding to the face of the human figure
cannot be extracted appropriately.

The problem encountered in the above-described methods
1s attributable to the fact that the contents of 1mages photo-
oraphic processing of which 1s requested are indefinite, and
that 1mages of various contents are brought 1in. Namely, the
present situation 1s such that it 1s difficult to reliably extract
a region corresponding to the principal portion of an 1mage
in each of the above-described various methods of extracting
a principal portion or the methods of extracting a principal
portion proposed by the applicant in Japanese Patent Appli-
cation Laid-Open Nos. 265850/1994 and 266598/1994. In
cach method, 1mages whose principal portions are possibly
extracted erronecously are present. For instance, a non-
principal portion 1s erroneously extracted as a principal
portion, or a region 1n which a non-principal portion and a
principal portion are present 1n a mixed form 1s erroneously
extracted as the principal portion. Conversely, a principal
portion 1s determined to be the region corresponding to a
non-principal portion, and 1s not extracted.

Accordingly, even if an attempt 1s made to automatically
determine the copying condition (exposure amount) by
extracting the principal portions according to any one of the
above-described methods, the incidence in which an appro-
priate copying condition cannot be obtained due to the
erroneous extraction of the principal portion occurs with a
probability exceeding a predetermined value. Hence, 1t has
been difficult to 1mprove the probability of obtaining an
appropriate exposure amount.

SUMMARY OF THE INVENTION

In view of the above-described circumstances, it 1S an
object of the present ivention to provide a method of
determining a principal portion of an 1mage which makes 1t
possible to appropriately determine a region corresponding
to the principal portion of an original 1mage with a high
probability.

Another object of the present invention to provide a
method of determining a copying condition which makes 1t
possible to obtain with a high probability a copying condi-
tion which permits a region corresponding to the principal
portion of an original image to be copied appropriately.

The present inventor made a comparison and a study of
images having the possibility of erroneously extracting
principal portions according to various methods of extract-
ing a principal portion which have hitherto been proposed.
As a result, 1t became clear that 1mages having the possi-
bility of their principal portions being erroneously extracted
are not necessarily the same 1n the respective extracting
methods. In view of this fact, the present inventor have
devised the present invention after finding out that principal
portions of 1mages, though erroncously extracted in one
method, are frequently extracted properly in another
method, so that i1if various extracting methods are used
jointly, and drawbacks of some extracting methods are
compensated for by other extracting methods, there 1s a
possibility of 1mproving the probability of being able to
properly determine principal portions of images.
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Accordingly, 1n accordance with a first aspect of the
present invention, there 1s provided a method of determining,
a principal portion of an 1mage, comprising the steps of:
extracting, from an identical original 1mage, regions esti-
mated to correspond to a principal portion thereof,
respectively, by means of a plurality of mutually different
extracting methods for extracting from an original 1mage a
region estimated to correspond to a principal portion thereof,
and evaluating the extracting methods by comparing with
respect to a plurality of original 1mages, on the one hand, the
regions estimated to correspond to the principal portion and
extracted respectively from the identical original 1image by
the extracting methods and, on the other hand, a region
corresponding to the principal portion of the identical origi-
nal image, or a region having a high probability of being a
region corresponding to the principal portion of the 1dentical
original 1mage and determined on the basis of the regions
estimated to correspond to the principal portion and
extracted respectively by the extracting methods; setting in
advance a weight with respect to each of the extracting
methods 1n correspondence with a result of evaluation;
extracting regions estimated to correspond to a principal
portion, respectively, from an original image from which the
principal portion 1s to be extracted, by the extracting meth-
ods; weighting each of the extracted regions by the weight
set for each of the extracting methods; and determining a
region having a high probability of being a region corre-
sponding to the principal portion of the original 1mage, on
the basis of a result of the weighting.

It should be noted that, as the extracting method referred
to above, a method which 1s shown 1n a fifth aspect of the
present mvention, which will be described later, 1s specifi-
cally used.

In the above, the evaluation of the extracting methods
may be made by a person or automatically by the apparatus.
In a case where the evaluation 1s made by a person, 1t 1s
preferable to make a comparison between the regions which
have been respectively extracted from the same original
image by the extracting methods and are estimated to
correspond to the principal portion and a region correspond-
ing to the actual principal portion of the same original
image. In a case where the evaluation 1s made by the
apparatus, the evaluation can be realized by automatically
determining a region having a high probability of bemng a
region corresponding to the principal portion on the basis of
the regions extracted respectively by the extracting methods
and estimated to correspond to the principal portion (this
determination can be made, for example, on the basis of
results of weighting of the regions extracted by the extract-
ing methods in the same way as described above), and by
comparing the regions estimated to correspond to the prin-
cipal portion and extracted respectively from the identical
original 1mage by the extracting methods with the deter-
mined region having a high probability of being a region
corresponding to the principal portion of the 1dentical origi-
nal image. Further, only the designation of a region corre-
sponding to the principal portion of the original image may
be effected by a person, and the other processing may be
cifected automatically.

In addition, 1n the evaluation of the extracting methods,
while the extraction of principal portions i1s being carried out
with respect to a plurality of original images from which the
principal portions are to be extracted, information necessary
for making the atorementioned evaluation may concurrently
be stored, and the extracting methods may be thereby
evaluated by using the plurality of original images from
which the principal portions are to be extracted.
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Alternatively, the extracting methods may be evaluated by
using a plurality of original images prepared separately for
evaluation of the extracting methods. In the case where the
plurality of original 1images prepared separately for evalua-
tion are used, the ratio of 1mages having various image
contents 1n the plurality of original images 1s preferably set
to be equal to substantially equal to the ratio of 1mages
having various 1mage contents 1n the original 1mages from
which principal portions are to be extracted.

In the above, the extracting methods are evaluated 1n
correspondence with the ratio of the 1images having various
image contents 1n the original images from which principal
portions are to be extracted (specifically, that ratio of images
having 1mage contents which makes 1t possible to extract
principal portions reliably and appropriately 1n the respec-
tive extracting methods), and a weight corresponding to the
ratio 1s set for each extracting method. Incidentally, the
evaluation of the extracting methods and the determination
of weights are preferably made such that high degrees of
coincidence are obtained in terms of the degrees to which
characteristic amounts of an 1image of the region extracted as
a region estimated to correspond to the principal portion
coincide with those of a region serving as an object to be
compared with (a region which has a high probability of
being a region corresponding to the principal portion and has
been determined on the basis of the region corresponding to
the principal portion or on the basis of the regions extracted
respectively by the extracting methods and estimated to
correspond to the principal portion), and such that the weight
of an extracting method having a high probability of yield-
ing a high degree of coincidence with respect to a plurality
of 1mages becomes large. The aforementioned characteristic
amounts of an 1image of the region extracted as a region
estimated to correspond to the principal portion include, for
example, the position, shape, and size of that region, an
average density, a maximum value, a minimum value, and
an 1ntermediate value of the density, a density value 1n a
peak of a density histogram, and a density value when an
accumulation frequency from a maximum or minimuim
value of the density 1s a predetermined value.

In the above-described first aspect, when a region having
a high probability of corresponding to the principal portion
1s extracted from the original image, each of the extracted
regions extracted respectively by the extracting methods
from the original image from which the principal portion is
to be extracted 1s weighted by the weight set for each of the
extracting methods, and a region having a high probability
of beimng a region corresponding to the principal portion of
the original 1mage 1s determined on the basis of the result of
the weighting. Accordingly, the region corresponding to the
principal portion of the original 1mage can be determined
appropriately with a high probability by an extracting
method having a large weight imparted thereto.

In addition, even 1n a case where 1t was 1mpossible to
extract a region corresponding to the actual principal portion
as a region estimated to correspond to the principal portion
by the extracting method having a large weight imparted
thereto, that region 1s extracted as the region estimated to
correspond to the principal portion by another extracting
method, and that region 1s weighted. Hence, there 1s a high
possibility that the aforementioned region 1s determined as
the region having a high probability of bemng a region
corresponding to the principal portion.

Further, in a case where a region 1in which a region
corresponding to a non-principal portion and a region cor-
responding to a principal portion are present in a mixed form
has been extracted by the extracting method having a large
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welght 1imparted thereto, or 1n a case where a region con-
stituted only by a region corresponding to a non-principal
portion has been extracted, there 1s a low possibility that the
aforementioned region corresponding to the non-principal
portion 1s extracted as a region estimated to correspond to
the principal portion by other extracting methods.
Consequently, there 1s a low possibility that the weight of the
region corresponding to the non-principal portion becomes
large as a result of weighting, and there 1s a low possibility
that the region corresponding to the non-principal portion 1s
determined as the region having a high probability of being

a region corresponding to the principal portion.

Accordingly, even 1n cases where 1t was 1mpossible to
appropriately extract a region corresponding to the principal
portion by the extracting method having a large weight
imparted thereto, there 1s a high probability that the region
corresponding to the principal portion can be determined
appropriately by the result of extraction by another extract-
ing method. Thus, a decision by one extracting method 1s
mutually complemented by a decision by another extracting
method, so that the region corresponding to the principal
portion of the original 1mage can be determined appropri-
ately with a high probability.

In accordance with a second aspect of the present
invention, there 1s provided a method of determining a
principal portion of an i1mage according to the above-
described first aspect, wherein when the region having the
high probability of being the region corresponding to the
principal portion of the original image has been determined,
information related to the region extracted by each of the
extracting methods and information related to the deter-
mined region are stored, and wherein, at a predetermine
timing, each of the extracting methods 1s reevaluated on the
basis of the stored information and the weight for each of the
extracting methods 1s corrected.

As the information related to the region estimated to
correspond to the principal portion and the information
related to a region having a high probability of being a
region corresponding to the principal portion, 1t 1s possible
o use, for example, information for evaluating the extract-
ing methods and determining the weights, such as informa-
tion representing the position, shape, and size of that region
of the original image, and information representing charac-
teristic amounts of an 1mage 1n that region of the original
image (e.g., an average density, a maximum value, a mini-
mum value, and an intermediate value of the density, a
density value 1n a peak of a density histogram, and a density
value when an accumulation frequency from a maximum or
minimum value of the density 1s a predetermined value, and
a frequency 1n a specific density range 1n the density
histogram, and so on). In addition, the storage of the
aforementioned information may be effected each time a
region having a high probability of being a region corre-
sponding to the principal portion 1s determined, or may be
clfected once each time a predetermined number of the
aforementioned determinations have been carried out. In
addition, the atorementioned predetermined timing may be,
for example, each time a predetermined period of time has
clapsed, or each time a fixed volume of information has been
stored.

In accordance with the above-described second aspect, at
a predetermine timing, each of the extracting methods 1s
reevaluated on the basis of the stored immformation and the
welght for each of the extracting methods 1s corrected.
Therefore, even i, due to such as a change in the ratio of
images having various 1image contents in the original images
from which principal portions are to be extracted, a change
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has occurred m the extracting method which permits a
region exhibiting a high degree of coincidence with the
region corresponding to the actual principal portion to be
extracted with a high probability as a region estimated to
correspond to the principal portion, 1.e., the extracting
method whose weight should be increased, the weight for
cach extracting method 1s corrected 1n correspondence with
that change. Accordingly, regions corresponding to the prin-
cipal portions of original 1mages can be determined appro-
priately with a high probability 1rrespective of a change and
the like 1n the ratio of images having various 1image contents
in the original images from which the principal portions are
to be extracted.

In accordance with a third aspect of the present invention,
there 1s provided a method of determining a principal
portion of an 1mage, comprising the steps of: extracting,
from an 1dentical original 1mage, regions estimated to cor-
respond to a principal portion thereof, respectively, by
means of a plurality of mutually different extracting methods
for extracting from an original 1mage a region estimated to
correspond to a principal portion thereof, and evaluating the
extracting methods by comparing with respect to a plurality
of original 1images, on the one hand, the regions estimated to
correspond to the principal portion and extracted respec-
tively from the identical original 1mage by the extracting
methods and, on the other hand, a region corresponding to
the principal portion of the identical original 1image, or a
region having a high probability of being a region corre-
sponding to the principal portion of the i1dentical original
image and determined on the basis of the regions estimated
to correspond to the principal portion and extracted respec-
tively by the extracting methods; setting in advance a
priority with respect to each of the extracting methods in
correspondence with a result of evaluation; extracting a
region estimated to correspond to a principal portion from an
original 1mage from which the principal portion 1s to be
extracted, by an extracting method of a high priority; deter-
mining a region having a high probability of being a region
corresponding to the principal portion of the original image,
on the basis of a result of the extraction by the extracting
method of the high priority; extracting further a region
estimated to correspond to the principal portion from the
determined region, by an extracting method of a low prior-
ity; and determining again a region having the high prob-
ability of being the region corresponding to the principal
portion of the original 1image, on the basis of a result of the
extraction by the extracting method of the low priority.

In the above, in the same way as 1n the first aspect of the
present 1nvention, the respective extracting methods are
evaluated, and priorities for the respective extracting meth-
ods. It should be noted that the priorities may be determined
according to the same criteria as that for the weights 1n the
first aspect of the invention. Alternatively, the priorities may
be determined such that a high priority 1s imparted to an
extracting method having a low probability of being inca-
pable of extracting the region serving as an object to be
compared with (a region which has a high probability of
being a region corresponding to the principal portion of the
original 1mage and has been determined on the basis of the
region corresponding to the principal portion of the original
image or on the basis ofthe regions extracted respectively by
the extracting methods and estimated to correspond to the
principal portion) as a region estimated to correspond to the
principal portion, 1.€., such that a high priority 1s imparted to
an extracting method having a high probability that the
region serving as the object to be compared with 1s included
among the regions extracted as regions estimated to corre-
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spond to the principal portion. In addition, if a plurality of
extracting methods whose results of evaluation are of the
same level are present, a priority of the same level may be
set for these extracting methods.

In the third aspect, when a region having a high prob-
ability of corresponding to the principal portion 1s extracted
from an original 1mage, a region estimated to correspond to
the principal portion 1s extracted from the original image
from which the principal portion 1s to be extracted, by an

extracting method of a high priority, and a region having a
higch probability of being a region corresponding to the
principal portion of the original 1image 1s determined on the
basis of the result of the extraction by the extracting method
of the high priority. Incidentally, 1n a case where the afore-
mentioned high priority has been set only for a single
extracting method, a region estimated to correspond to the
principal portion may be extracted by the single extracting,
method, and the extracted region may be determined as the
region having a high probability of being a region corre-
sponding to the principal portion.

On the other hand, 1n a case where the high priority has
been set for a plurality of extracting methods, regions
estimated to correspond to the principal portion may be
respectively extracted by the plurality of extracting methods,
and only the regions which have been extracted as regions
estimated to correspond to the principal portion by the
plurality of extracting methods may, for instance, be deter-
mined as regions having a high probability of being regions
corresponding to the principal portion on the basis of the
results of extraction by the plurality of extracting methods.
Alternatively, the regions extracted by the plurality of
extracting methods may be respectively weighted 1 the
same way as 1in the first aspect, and a region having the high
probability of being a region corresponding to the principal
portion may be determined on the basis of the results of
welghting.

Further, in the above-described third aspect, a region
estimated to correspond to the principal portion 1s further
extracted from the determined region having a high prob-
ability of being a region corresponding to the principal
portion, by an extracting method of a low priority, and a
region having the high probability of bemng the region
corresponding to the principal portion of the original image
1s determined again on the basis of the result of extraction by
the extracting method of the low priority. Incidentally, 1n a
case where the aforementioned low priority has been set
only for a single extracting method, in the same way as
described above, a region estimated to correspond to the
principal portion may be extracted from the aforementioned
determined region by the single extracting method, and the
extracted region may be determined as the region having a
high probability of being a region corresponding to the
principal portion. On the other hand, 1n a case where the low
priority has been set for a plurality of extracting methods,
regions estimated to correspond to the principal portion may
be respectively extracted by the plurality of extracting
methods, and a region having a high probability of being a
region corresponding to the principal portion may be deter-
mined on the basis of the results of extraction by the
plurality of extracting methods.

Consequently, a region corresponding to the principal
portion of the original 1mage can be determined appropri-
ately with a high probability on the basis of the result of
extraction by the extracting method of a high priority. For
example, even 1n a case where a region 1in which a region
corresponding to a non-principal portion and a region cor-
responding to a principal portion are present in a mixed
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form, or a region constituted only by a region corresponding
to a non-principal portion, has been extracted as a region
having a high probability of being a region corresponding to
the principal portion on the basis of the result of extraction
by an exftracting method of a high priority, there 1s a low
possibility that the aforementioned region corresponding to
the non-principal portion 1s extracted as a region estimated
to correspond to the principal portion by an extracting
method of a lower priority. Consequently, there 1s a low
possibility that the region corresponding to the non-principal
portion 1s determined as the region having a high probability

of being a region corresponding to the principal portion.

Accordingly, even 1n cases where 1t was 1mpossible to
appropriately determine a region corresponding to the prin-
cipal portion on the basis of the result of extraction by the
extracting method of a high priority, there 1s a high prob-
ability that the region corresponding to the principal portion
can be determined appropriately on the basis of the result of
extraction by an extracting method of a low priority. Thus,
the drawback of the extracting method of a high priority is
compensated for by the extracting method of a low priority,
so that the region corresponding to the principal portion of
the original 1image can be determined appropriately with a
high probability.

In addition, i the third aspect, the extracting method of
the lower priority extracts a region estimated to correspond
to the principal portion from the region determined on the
basis of the region extracted by the extracting method of the
high priority. Therefore, 1t 1s possible to shorten the pro-
cessing time as compared with a case where the region
estimated to correspond to the principal portion 1s extracted
by using the overall original 1mage as an object. In addition,
in a case where the levels of the priorities of the extracting
methods are classified into three levels or more, the pro-
cessing 1n which a region estimated to correspond to the
principal portion 1s extracted from the region determined in
a preceding stage, by an extracting method of a lower
priority than that of the preceding stage, may be repeated a
plurality of times 1n a descending order of the priority of the
extracting method which executes the processing.

In addition, 1n a case where a plurality of extracting
methods of an 1dentical and high priority are present, even
in a case where 1t was i1mpossible to extract a region
corresponding to the actual principal portion by a particular
extracting method of a high priorty, for example, there is
advantageously a high possibility that the aforementioned
region 1s extracted by another extracting method of a high
priority, and that the aforementioned region 1s determined to
be a region having a high probability of being a region
corresponding to the principal portion.

In accordance with a fourth aspect of the present
invention, there 1s provided a method of determining a
principal portion of an image according to the above-
described third aspect, wherein, at a first predetermined
timing, regions estimated to correspond to the principal
portion are respectively extracted from the original 1mage by
the extracting methods, a region having the high probability
of being the region corresponding to the principal portion of
the original 1mage 1s determined on the basis of a result the
extraction, and 1information related to the regions extracted
respectively by the extracting methods and information
related to the determined region are stored, and wherein, at
a second predetermined timing, each of the extracting meth-
ods 1s reevaluated on the basis of the stored information, and
the priority for each of the extracting methods 1s corrected.

The first predetermined timing may be, for example, each
time regions having high probabilities of being regions
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corresponding to the principal portions have been deter-
mined with respect to a predetermined number of original
images. Meanwhile, the second predetermined timing may
be each time a fixed period of time has elapsed or each tie
a fixed volume of information has been stored.

In accordance with the above-described arrangement,
since, at a second predetermined timing, each of the extract-
ing methods 1s reevaluated on the basis of the stored
information, and the priority for each of the extracting
methods 1s corrected. Therefore, even if, due to such as a
change 1n the ratio of 1images having various 1mage contents
in the original 1mages from which principal portions are to
be extracted, a change has occurred in the extracting method
which permits a region exhibiting a high degree of coinci-
dence with the region corresponding to the actual principal
portion to be extracted with a high probability as a region
estimated to correspond to the principal portion, or 1n the
extracting method having a low probability of being 1nca-
pable of extracting the region corresponding to the actual
principal portion as a region estimated to correspond to the
principal portion, 1.€., the extracting method to which a high
priority should be 1mparted, this change 1s reflected on the
priority of each extracting method. Accordingly, regions
corresponding to the principal portions of original 1images
can be determined appropriately with a high probability
irrespective of a change and the like 1n the ratio of 1images
having various 1image contents 1n the original images from
which the principal portions are to be extracted.

In accordance with a {ifth aspect of the present invention,
in the above-described aspects, the extracting method may
include at least one of an extracting method for extracting a
region of a particular color 1n the original 1mage as the
region estimated to correspond to the principal portion, an
extracting method for extracting a region estimated to cor-
respond to the principal portion by detecting a pattern of
shape peculiar to the principal portion, and an extracting
method for extracting a region estimated to correspond to
the principal portion by eliminating a region estimated to
correspond to a background.

A method of determining a copying condition in accor-
dance with a sixth aspect of the present invention comprises
the steps of: determining a region having a high probability
of being a region corresponding to a principal portion with
respect to an original 1mage to be copied onto a copying
material, by the method of determining a principal portion of
an 1mage according to any one of the above- described first
to {ifth aspects; and determining a copying condition for the
original 1mage such that the determined region having the
high probability of being the region corresponding to the
principal portion 1s copied appropriately.

As described above, 1n accordance with the method of
determining a principal portion of an image according to any
one of the above-described first to fifth aspects, a region
corresponding to a principal portion of an original image can
be determined appropriately with a high probability. In the
above, since a copying condition for the original image to be
copied onto a copying material 1s determined such that the
determined region having the high probability of being the
region corresponding to the principal portion 1s copied
appropriately. Therefore, 1t 1s possible to obtain with a high
probability the copying condition which permits the region
corresponding to the principal portion of the 1mage to be
copied appropriately.

It should be noted that the copying condition which
permits the region having a high probability of beimng a
region corresponding to the principal portion to be copied

10

15

20

25

30

35

40

45

50

55

60

65

10

appropriately can be obtained, for instance, by calculating a
characteristic amount of an i1mage at each portion of the
original 1image to be copied as a characteristic amount of an
image of the original 1image to be copied as a variable for a
copying-condition calculating formula for determining the
copying condition, such that the weight of the characteristic
amount of an 1mage at the aforementioned determined
region having the high probability of being a region corre-
sponding to the principal portion becomes high, and by
substituting the result of calculating into the copying-
condition calculating formula. In addition, the aforemen-
tioned copying condition can also be obtained, for example,
by determining a correction amount for correcting the copy-
ing condition by using the characteristic amount of an 1mage
at the region having a high probability of being a region
corresponding to the principal portion, and by correcting the
copying condition determined by the aforementioned
copying-condition calculating formula, by means of the
aforementioned correction amount.

Even 1f the copying condition 1s determined as described
above, there are cases where 1t 1s 1impossible to obtain a
copying condition which permits a region corresponding to
the principal portion to be copied appropriately. For
instance, 1n a case where the original image 1s one 1n which
the area of a region whose density 1s extremely high or low
1s large, 1.¢., 1n the case of an 1mage 1n which a so-called
density failure has occurred, the correction amount for the
copying condition, to be precise, changes depending on the
arca of the region whose density 1s extremely high or low 1s
large. The density failure or the like can be corrected to a
certain extent 1f the copying condition 1s determined as
described above, but 1n cases where, for example, the areca
of the region whose density 1s extremely high or low 1s large
1s extremely large, 1t 1s 1impossible to obtain an appropriate
copying condition, so that the determined copying condition
1s sometimes corrected further by the operator or the like.
For this reason, as for the correction amount for correcting
the copying condition, 1t 1s preferable to determine this
correction amount by the method in accordance with a
seventh aspect of the present invention.

Namely, in accordance with the seventh aspect of the
present invention, there 1s provided a method of determining
a copying condition according to the above-described sixth
aspect, wherein a plurality of kinds of characteristic amounts
of an 1mage, ncluding a characteristic amount of an 1mage
in a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original images, a
relationship between the plurality of kinds of characteristic
amounts of an 1image and the correction amount 1s obtained
in advance, wherein after the region having the high prob-
ability of being the region corresponding to the principal
portion has been determined with respect to the original
image to be copied onto the copying material, by the method
of determining a principal portion according to any one of
claims 1 to 5, the plurality of kinds of characteristic amounts
of an 1mage of the original image, including the character-
istic amount of the determined region having the high
probability of being the region corresponding to the princi-
pal portion, are obtained, wherein the correction amount 1s
calculated on the basis of the determined plurality of kinds
of characteristic amounts of an 1mage and the relationship,
and the copying condition of the original image 1s deter-
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mined by using the correction amount, wherein information
representing the determined plurality of kinds of character-
1stic amounts of an 1mage of the original 1mage and 1nfor-
mation representing a finally used correction amount for the
copying condition are stored, and wherein the relationship 1s
updated at a predetermined timing on the basis of the
information representing the plurality of kinds of character-
1stic amounts of an 1mage stored with respect to the plurality
of original 1mages and the information representing the

correction amount for the copying condition.

It should be noted that in a case where the determined
copying condition has not been corrected, the finally used
correction amount for the copymg condition means the
calculated correction amount, whereas 1n a case where the
determined copying condition has been further corrected,
the finally used correction amount for the copying condition
means a correction amount in which a correction amount for
the determined copying condition 1s added to the aforemen-
tioned calculated correction amount.

In the determination of the relationship between the
plurality of kinds of characteristic amounts of an 1mage and
the correction amount for the copying condition, while the
determination of the copying condition 1s being carried out
with respect to a plurality of original 1mages for which the
copying condition 1s to be determined, information repre-
senting the plurality of kinds of characteristic amounts of an
image and information on the plurality of original images
which determined the copying condition may concurrently
be stored, and the aforementioned relationship may be
thereby determined by using information on the plurality of
original 1mages which determined the copying condition.
Alternatively, the aforementioned relationship may be deter-
mined by using a plurality of original 1images prepared for
determining the relationship separately from the original
images to be copied. In the case where the plurality of
original 1mages prepared separately for determining the
relationship are used, the ratio of 1mages having various
image contents 1 the plurality of original 1mages 1s prefer-
ably set to be equal to substantially equal to the ratio of
images having various 1image contents in the original images
from which principal portions are to be extracted.

In the case where the relationship between the plurality of
kinds of characteristic amounts of an 1image and the correc-
fion amount for the copying condition 1s determined by
using a plurality of original images prepared separately from
the original 1mages to be copied, at least one of the plurality
of kinds of the characteristic amounts of an 1mage may be
the characteristic amount of an 1mage in the region recog-
nized by a person as corresponding to the principal portion
of the original image, or the characteristic amount of an
image 1n the region which has been automatically deter-
mined on the basis of the regions estimated to correspond to
the principal portion and extracted by the respective extract-
ing methods, 1n the same way as 1n the first or third aspect,
and has a high probability of being a region corresponding
to the principal portion of the original image. In addition, as
for the correction amount for the copying condition in this
case, an 1deal correction amount 1s preferably determined 1n
advance through an experiment or the like.

Meanwhile, in the case where the relationship between
the plurality of kinds of characteristic amounts of an 1mage
and the correction amount for the copying condition i1s
determined by using the original 1images to be copied, at
least one of the plurality of kinds of the characteristic
amounts of an image may be the characteristic amount of an
image 1n the region which has been automatically deter-
mined on the basis of the regions estimated to correspond to
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the principal portion and extracted by the respective extract-
ing methods and has a high probability of being a region
corresponding to the principal portion of the original 1image.
In addition, as the correction amount for the copying con-
dition in this case, the finally used correction amount for the
copying condition may be used.

In addition, as the plurality of kinds of characteristic
amounts of an 1mage, 1t 1s possible to use, for instance, an
average density of each region, such as a region correspond-
ing to a principal portion of an original 1mage, a region
having a high probability of being a region corresponding to
the principal portion, an entire region of the original 1mage,
and a region corresponding to a non- principal portion of the
original 1mage, as well as a maximum value, a minimum
value, and an i1ntermediate value of the density, a density
value 1n a peak of a density histogram, and a density value
when an accumulation frequency from a maximum or mini-
mum value of the density 1s a predetermined value, and a
frequency 1n a specific density range in the density
histogram, and so on. Further, the relationship between the
plurality of kinds of characteristic amounts of an 1image and
the correction amount for the copying condition can be
determined by a known technique such as multiple regres-
sion analysis on the basis of the plurality of kinds of
characteristic amounts of an 1mage determined with respect
to a plurality of original 1images and correction amounts for
copying conditions of the plurality of original 1images.

In addition, in the seventh embodiment, since the rela-
fionship between, on the one hand, a plurality of kinds of
characteristic amounts of an 1mage, including a character-
istic amount of an 1mage 1n a region corresponding to a
principal portion of the original 1mage or in a region having
a high probability of being a region corresponding to the
principal portion and, on the other, a correction amount for
a copying condition, 1s determined, and the correction
amount 1s corrected on the basis of the plurality of kinds of
characteristic amounts of an 1mage of the original 1image to
be copied and that relationship. Accordingly, the character-
1stic amount of an 1mage 1n a region other than the region
corresponding to the principal portion of the original image
1s also taken into consideration. Hence, 1t 1s possible to
obtain a correction amount for effecting correction in such a
manner as to allow the region corresponding to the principal
portion to be copied appropriately. As the copying condition
1s determined by using that correction amount, it 1s possible
to obtain with a high probability a copying condition which
permits a region corresponding to the principal portion to be
copied appropriately.

Further, information representing the plurality of kinds of
characteristic amounts of an 1mage determined with respect
to the original images which determined the copying
condition, as well as information representing the finally
used correction amount for the copying condition are stored,
and the aforementioned relationship 1s updated at a prede-
termined timing (e.g., each time a fixed period of time has
clapsed, or each time a fixed volume of information has been
stored) on the basis of the information representing the
plurality of kinds of characteristic amounts of an 1mage
stored with respect to the plurality of original images and the
information representing the correction amount for the copy-
ing condition. Therefore, when the determined copying
condition 1s further corrected, 1ts correction amount 1s also
stored as the finally used correction amount for the copying
condition, and the correction amount for the determined
copying condition 1s reflected on the aforementioned rela-
tionship at the time the relationship 1s updated.

Accordingly, since the aforementioned relationship 1is
updated 1in such a manner as to improve the probability of
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obtaining an appropriate copying condition which does not
require further correction of the determined copying
condition, even if there 1s a high probability of a determined
copying condition being further corrected due to such as a
change 1n the ratio of 1images having various 1mage contents
in the original 1mages to be copied, the correction amount
for the determined copying condition 1s reflected on the
aforementioned relationship, with the result that the prob-
ability of the determined copying condition being further
corrected declines. Accordingly, it 1s possible to obtain with
a high probability a copying condition which permits a
region corresponding to the principal portion of an original
image to be copied appropriately irrespective of a change
and the like 1n the ratio of 1mages having various 1mage
contents in the original 1mages to be copied.

In accordance with an eighth aspect of the present
invention, there 1s provided a method of determining a
copying condition according to the above-described seventh
aspect, wherein the original images are classified into a
plurality of groups on the basis of a predetermined charac-
teristic amount of an 1mage, and the relationship between the
plurality of kinds of characteristic amounts of an 1mage and
the correction amount for the copying condition 1s obtained
for each of the groups, wherein, on the basis of the prede-
termined characteristic amount of an 1mage of the original
image, a determination 1s made as to to which one of the
ogroups the original 1mage to be copied belongs, the correc-
tion amount for the copying condition is calculated by using
the relationship corresponding to the determined group, and
the 1nformation representing the plurality of kinds of char-
acteristic amounts of an image of the original image and the
information representing the finally used correction amount
for the copying condition are stored separately for each of
the groups, and wherein the relationship 1s updated for each
of the groups at a predetermined timing.

Generally, the correction amount for a copying condition
differs depending on the contents of the image, and 1t 1s
statistically known that, between an image whose back-
oground 1s dark and an 1image whose background 1s bright, for
example, the direction of correction for the copying condi-
flon 1s 1n many cases opposite. In contrast, in the eighth
embodiment, the original images are classified into a plu-
rality of groups on the basis of a predetermined character-
istic amount of an 1mage (e.g., the density of a background
portion in the above example), and the relationship between
the plurality of kinds of characteristic amounts of an 1mage
and the correction amount for the copymg condition i1s
obtained for each of the groups. On the basis of the prede-
termined characteristic amount of an image, a determination
1s made as to to which one of the groups the original image
to be copied belongs, and the correction amount for the
copying condition 1s calculated by using the relationship
corresponding to the determined group. Therefore, 1t 1is
possible to obtain a correction amount capable of correcting,
the copying condition with a high degree of accuracy, and
further improve the probability of obtaining an appropriate
copying condition.

In a case where there has been no change 1n the ratio of
images having various 1image contents in the original images
to be copied, original 1mages for which the determined
copying condition 1s further corrected are 1n many cases
images whose 1mage contents are mutually similar.
However, 1n a case where the ratio of this type of images in
the original 1images to be copied 1s low and the probability
of the determined copying condition being further corrected
1s therefore considerably low, the degree to which the
correction amount for the determined copying condition is
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involved 1n the relationship between the plurality of kinds of
the characteristic amounts and the correction amount of the
copying condition becomes considerably low 1n the above-
described case. Therefore, 1t 1s difficult to further reduce the
probability of the determined copying condition being fur-
ther corrected.

For this reason, 1n accordance with a ninth aspect of the
present invention, there 1s provided a method of determining
a copying condition according to the above-described sev-
enth aspect, wherein the information representing the plu-
rality of kinds of characteristic amounts of an 1image of the
original images which determined the copying condition and
the 1nformation representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected, wherein, on the basis
of the stored information, a determination 1s made at a
predetermined timing as to whether or not an original 1mage
for which the determined copying condition 1s required to be
further corrected and an original image for which the deter-
mined copying condition 1s not required to be corrected can
be distinguished 1n advance on the basis of at least one of the
plurality of kinds of characteristic amounts of an i1mage,
wherein, 1n a case where 1t 1s determined that the 1mages can
be distinguished 1n advance, a relationship between the
plurality of kinds of characteristic amounts of an 1image and
the correction amount for the copying condition concerning
the original images for which the determined copying con-
dition was further corrected 1s obtained 1n advance on the
basis of the stored information, and 1n the determination of
the copying condition, whether or not the original 1mage to
be copied onto the copying material 1s the original 1mage for
which the determined copying condition 1s required to be
further corrected 1s determined on the basis of at least one of
the plurality of kinds of characteristic amounts of an 1mage
of the original 1mage, whereas 1n a case where 1t 1s deter-
mined that the determined copying condition 1s required to
be further corrected, the correction amount for the copying
condition 1s obtained by using the relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

In accordance with the ninth aspect, a determination 1s
made as to whether or not an original image for which the
determined copying condition i1s required to be further
corrected and an original 1mage for which the determined
copying condition 1s not required to be corrected can be
distinguished 1n advance on the basis of at least one of the
plurality of kinds of characteristic amounts of an 1image. In
a case where 1t 1s determined that the i1mages can be
distinguished in advance, a relationship between the plural-
ity of kinds of characteristic amounts of an image and the
correction amount for the copying condition concerning the
original 1mages for which the determined copying condition
was further corrected 1s obtained. Since this relationship 1s
obtained by using only the information on the original
images for which the determined copying condition was
further corrected, the degree to which the correction amount
for the determined copying condition i1s 1nvolved in the
relationship between the plurality of kinds of the character-
istic amounts and the correction amount of the copying
condition 1s very high. Therefore, even 1n a case where the
probability of the determined copying condition being fur-
ther corrected 1s considerably low, the aforementioned rela-
tionship 1s determined 1n such a manner that the determined
copying condition will not be corrected with respect to the
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original 1mages for which the determined copying condition
1s estimated to be further corrected.

Further, 1n the above-described ninth embodiment, with
respect to the original image for which a determination 1s
made that the determined copying condition is to be further
corrected among the original 1mages to be copied, the
copying condition 1s determined by using the aforemen-
tioned relationship determined with respect to the original
images for which the determined copying condition was
corrected. Therefore, 1t 1s possible to obtain a correction
amount capable of correcting the copying condition with a
higher degree of accuracy with respect to an original 1mage
for which the determined copying condition 1s estimated to
be further corrected. Accordingly, 1t 1s possible to consid-
erably lower the probability of the determined copying
condition being further corrected.

The above and other objects, features and advantages of
the present invention will become more apparent from the
following detailed description of the invention when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a schematic con-
figuration of a photographic printing apparatus in accor-

dance with the present invention;

FIG. 2 1s a block diagram which conceptually shows a
conilguration of a control unit of the photographic printing
apparatus;

FIG. 3A 1s a flowchart illustrating photographic printing,
processing 1n accordance with a first embodiment;

FIG. 3B 1s a flowchart 1illustrating photographic printing,
processing 1n accordance with the first embodiment;

FIG. 4 1s a flowchart illustrating facial-region determina-
tion processing in accordance with the first embodiment;

FIG. 5A 1s an image diagram 1llustrating an example of an

original 1mage 1n the facial-region determination processing
in accordance with the first embodiment;

FIG. 5B 1s an image diagram 1illustrating an example of
results of extraction of face candidate regions by extracting
units 1n the facial-region determination processing in accor-
dance with the first embodiment;

FIG. 5C 1s an 1image diagram 1illustrating an example of a
result of facial-region determination in the facial-region
determination processing in accordance with the first
embodiment;

FIG. 6A 1s a flowchart illustrating photographic printing,
processing 1n accordance with a second embodiment;

FIG. 6B 1s a flowchart illustrating photographic printing,
processing 1n accordance with the second embodiment;

FIG. 7A 1s a flowchart 1llustrating facial-region determi-
nation processing 1n accordance with the second embodi-
ment,

FIG. 7B 1s a flowchart 1llustrating the facial-region deter-
mination processing in accordance with the second embodi-
ment,

FIG. 7C 1s a flowchart illustrating the facial-region deter-
mination processing in accordance with the second embodi-
ment,

FIG. 8 1s the facial-region determination processing in
accordance with the second embodiment, in which (A) is an
image diagram 1llustrating an example of an original 1mage,
(B) 1s an image diagram illustrating an example of a result
of extraction of a face candidate region by an extracting unit
having a high priority, (C) is an image diagram illustrating
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an example of results of extraction of face candidate regions
by extracting units having low priorities, and (D) is an image
diagram 1illustrating an example of a result of facial-region
determination;

FIG. 9A 1s a flowchart 1llustrating photographic printing,
processing 1n accordance with a third embodiment;

FIG. 9B 1s a flowchart 1llustrating photographic printing,
processing in accordance with the third embodiment;

FIG. 9C 1s a flowchart 1llustrating photographic printing
processing 1n accordance with the third embodiment;

FIG. 10A 1s a flowchart 1llustrating processing for updat-
ing a correction-amount calculating formula 1n accordance
with the third embodiment; and

FIG. 10B 1s a flowchart 1llustrating processing for updat-
Ing a correction-amount calculating formula in accordance
with the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the accompanying drawings, a detailed

description will be given of the embodiments of the present
invention.
First Embodiment FIG. 1 shows a photographic printing
apparatus 10 to which the present invention 1s applicable.
The photographic printing 10 1s provided with a light source
16 for emitting exposure light for printing an image recorded
on a negative film 12. A color correction filter 18 such as a
light-adjusting filter, a diffusion box 20, and a distributing
prism 22 are arranged 1n order on the light-emitting side of
the light source 16.

The path for transporting the negative film 12, which is a
photographic film, 1s formed between the diffusion box 20
and the distributing prism 22, and the distributing prism 22
distributes the light transmitted through the negative film 12
into two directions. A pair of transport rollers 14A and 14B
are provided on both sides of the optical axis of the light
source 16 along the transport path of the negative film 12.
The pair of transport rollers 14A and 14B are respectively
connected to drive shafts of motors 52A and 52B, and are
rotated as driving forces of the motors S2A and 52B are
transmitted thereto, so as to transport the negative film 12.

A projection optical system 24, a black shutter 26, and a
color paper (printing paper) 28 serving as a copying material
arc arranged 1n order on one optical path of the light
distributed into two directions by the distributing prism 22.
Meanwhile, a projecting optical system 30 and a CCD 1mage
sensor 32 are arranged 1n order on the other optical path. The
CCD image sensor 32 divides the overall image (one frame)
recorded on the negative film 12 into a multiplicity of pixels
(e.g., 256x256 pixels), and spectrally separates each pixel
into three colors, red (R), green (G), and blue (B) and
photometrically measures the same.

An amplifier 34 for amplitying the signal outputted from
the CCD 1mage sensor 32, an analog-digital (A/D) converter
36, and a 3x3 matrix circuit 38 for correcting the sensitivity
of the CCD 1mage sensor 32 are serially connected to a
signal output terminal of the CCD 1mage sensor 32. The 3x3
matrix circuit 38 1s connected to an input/output port 40D of
a control unit 40 constituted by a microcomputer and 1its
peripheral equipment. The control unit 40 has a CPU 40A,

a ROM 40B, a RAM 40C, ad the input/output port 40D,
which are interconnected via a bus.

In addition, the control unit 40 has a nonvolatile storage

means 40E capable of rewriting 1ts stored contents, such as
an EEPROM or a RAM connected to a backup power
supply. This storage means 40E 1s connected to the mput/
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output port 40D. Incidentally, the storage means 40E 1s not
limited to the above types, and may be constituted by a
nonvolatile storage medium capable of rewriting its stored
contents, such as a floppy disk, a hard disk, a magneto-optic
disk, and a memory card, and a driver for reading and
writing information with respect to the storage medium.

The color correction filter 18 1s connected to the input/
output port 40D of the control unit 40 via a driver 46 for
driving the color correction filter 18, and the motors S2A and
S52B are also connected thereto via drivers S0A and 50B,
respectively. Further connected to the input/output port 40D
are a display 42 constituted by an LCD or a CRT, a keyboard
44 such as a tenkey pad for an operator to enter various
information, and an 1mage-plane detection sensor 48 dis-
posed on both sides of the optical path of the light source 16
for detecting the amount of light transmitted through the
negative film 12.

Next, a description will be given of the operation of this
embodiment. The control unit 40 has a configuration such as
the one shown conceptually 1n FIG. 2, and has n extracting
units 56, to 56 . Each of the extracting units 56, to 56,
extracts a region (face candidate region) estimated to cor-
respond to the face of a human figure as a principal portion
in the present invention, from an image represented by
inputted 1mage data, according to any one of the n kinds of
extracting methods (extracting methods 1 to n) which are
mutually different. The extracting units 56, to 56, are
respectively connected to a facial-region determining unit
58.

The n kinds of extracting methods which are executed by
the n extracting units 56, to 56, include a plurality of kinds
of facial-candidate extracting methods in which a region
estimated to correspond to the face of a human figure in the
image 1s determined, and that region is extracted as a face
candidate region, as well as a plurality of kinds of
background-portion eliminating methods 1n which a region
(background region) estimated to correspond to a back-
oround 1n the 1mage 1s determined, and a region other than
the background region i1s extracted as the face candidate
region. Specifically, it 1s possible to adopt at least one of the
following facial-candidate extracting methods and
background-portion eliminating methods which are conven-
tionally known.

Example 1 of the Face-Candidate Extracting
Method

On the basis of data (image data) obtained by dividing the
image 1nto a multiplicity of measuring spots and by spec-
trally separating the respective measuring spots into three
colors of R, GG, and B, a determination 1s made as to whether
or not each measuring spot 1s included 1n the range of flesh
color on the color coordinates. A region where there 1s a
cluster of measuring points determined to be in the range of
the flesh color is extracted as the face candidate region (refer
to Japanese Patent Application Laid-Open Nos. 156624/
1977, 156625/1977, 12330/1978, 145620/1978, 145621/
1978, and 145622/1978).

Example 2 of the Face-Candidate Extracting
Method

On the basis of the aforementioned image data, a histo-
gram on hue values (and saturation values) is determined,
and the determined histogram i1s divided into ridges. A
determination 1s made as to to which of the divided ridges
cach measuring spot belongs, and each measuring spot 1s
classified into groups corresponding to the divided ridges.
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The 1mage 1s divided into a plurality of regions for each
group, a region corresponding to the face of a human figure
among the plurality of regions 1s estimated, and the esti-

mated region is extracted as the face candidate region (refer
to Japanese Patent Application Laid-Open No. 346333/
1992).

Example 3 of the Face-Candidate Extracting
Method

On the basis of the aforementioned 1mage data, one of
patterns of shape peculiar to various parts of a human figure
which are present in an image (e.g., patterns of shape
representing the contour of the head, the contour of the face,
an internal structure of the face, the contour of the body) is
scarched. A region estimated to correspond to the face of a
human figure 1s set in correspondence with the size and
direction of the detected pattern of shape and the positional
relationship between the face of the human figure and a
particular portion of the human figure represented by the
detected pattern of shape. In addition, another pattern of
shape different from the detected pattern of shape 1is
scarched, and the match of the previously-set region to the
face of a human figure 1s determined, thereby to extract a
face candidate region (refer to Japanese Patent Application

Laid-Open Nos. 265850/1994 and 266598/1994).

Example 1 of the Background-Portion Eliminating
Method

On the basis of the aforementioned image data, a deter-
mination 1s made as to whether or not each measuring spot
is included in the range of a particular color (e.g., a blue
color of the sky or a sea, a green color of a turf or a tree, etc.)
which clearly belongs to the background on the color
coordinates. A region where there 1s a cluster of measuring
points determined to be 1n the range of the particular color
1s eliminated as being a background region. The remaining
region 1s extracted as a non-background region (a region
having a high possibility that the region corresponding to the
face of a human figure 1s included; this i1s also a face
candidate region in the present invention).

Example 2 of the Background-Portion Eliminating
Method

On the basis of the aforementioned image data, after
dividing the 1mage 1nto a plurality of regions 1n the same
way as 1n example 2 of the background-portion eliminating
method, a characteristic amount (the ratio of a straight-line
portion included in the contour, the degree of axial
symmetry, the number of projections and recesses, the rate
of contact with an outer periphery of the image, contrast in
density within the region, the presence or absence of a
pattern of change 1n the density within the region, etc.) as a
region corresponding to the background 1s determined for
cach region. On the basis of the determined characteristic
amount, a determination 1s made as to whether or not each
region 1s a background region. A region which 1s determined
to be a background region 1s eliminated, and the remaining
region is extracted as a non-background region (face can-
didate region) (refer to Japanese Patent Application Laid-

Open Nos. 265850/1994 and 266598/1994).

The above-described extracting methods are mere
examples, and 1t goes without saying that any method is
applicable 1mnsofar as it 1s an extracting method for extracting,
a principal portion from an 1mage.

The facial-region determining unit 538 outputs 1image data
to the respective extracting units 56, to 56_, and instructs the
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execution of extraction processing. In addition, on the basis
of the results of processing by the extracting units 56, to 56 _,
the facial-region determining unit 538 determines a region
(facial region) having a high probability of being a region
corresponding to the face of a human figure 1n the 1image of
the negative film 12, and outputs the result of determination
to an exposure control unit 60. The exposure control unit 60
controls the respective portions of the photographic printing
apparatus 10, and calculates an exposure amount
(corresponding to a copying condition in the present
invention) for appropriately printing the determined facial
region onto the printing paper 28 on the basis of the result
of determination by the facial-region determining unit 58.
On the basis of the calculated exposure amount, the expo-
sure control unit 60 controls the printing of the image

recorded on the negative film 12 onto the printing paper 28.

Referring now to flowcharts in FIGS. 3A and 3B, a
description will be given of printing processing in accor-
dance with the first embodiment. Incidentally, the processing
shown 1n FIGS. 3A and 3B 1s processing with respect to the
exposure control unit 60 shown 1n FIG. 2, and 1s executed
when the negative film 12, which has been subjected to
processing such as development, 1s set in the photographic
printing apparatus 10. In Step 100, the negative film 12 1s
transported. In Step 102, the position of the image recorded
on the negative film 12 1s detected by monitoring a signal
outputted from the 1mage-plane detection sensor 48, and a
determination 1s made as to whether or not the 1mage
recorded on the negative film 12 has arrived at an exposing
position. If NO 1s the answer i1n the determination, the
operation returns to Step 100 to continue transporting the
negative film 12.

If YES 1s the answer 1n the determination 1n Step 102, the
transport of the negative film 12 1s stopped 1n Step 104, and
the 1mage which has arrived at the exposing position 1s
positioned at the exposing position. In Step 106, the 1mage
positioned at the exposing position 1s subjected to photom-
etry by the CCD 1mage sensor 32. Then, image data for each
of R, G, and B, which 1s outputted from the CCD image
sensor 32 via the amplifier 34, the A/D converter 36, and the
3x3 matrix circuit 38. Further fetched image data 1s stored
in a memory such as the RAM 40C. In an ensuing Step 108,
facial-region determination processing 1s carried out. Refer-
ring to a flowchart 1n FIG. 4, a description will be given of
this facial-region determination processing. Incidentally,
this facial-region determination processing 1S processing

with respect to the facial-region determining unit 58 shown
in FIG. 2.

In Step 150, all the image data (image data for the entire
image plane of the image) stored earlier in Step 106 is
outputted to all the extracting units 56, to >° , and the
execution of further extraction processing 1s 1nstructed. As a
result, 1n the extracting units 56, to 56_, the extraction of
face candidate regions 1s carried out in parallel by mutually
different extracting methods by using the entire 1image plane
of the image subjected to photometry earlier as a range
subject to processing. In an ensuing Step 152, a determina-
fion 1s made as to whether or not there 1s an extracting unit
56 which finished extraction processing among the extract-
ing units 56, to 56_, and the operation waits until extraction
processing 1s finished by any one of the extracting units.

If YES 1s the answer 1n the determination 1n Step 152, the
operation proceeds to Step 154. In Step 154, information
representing the result of extraction by the extracting unit 56
which finished extraction processing 1s fetched from the
extracting unit 56, and, of the fetched imformation, infor-
mation representing the extracted face candidate region is
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stored 1n the storage means 40E 1n correspondence with the
extracting method (one of the extracting methods 1 to n)
executed by the extracting unit 56. Incidentally, 1n this first
embodiment, weighting coellicients are respectively set in
advance for the extracting units 56 with respect to both the
face candidate regions and the other non-face candidate
regions (in the case where the extracting method of the
extracting unit 56 1s the background-portion eliminating
method, a non-background region and a background region)

which are extracted by the extracting units 56 (see Table 1).

TABLE 1

Extracting Method  Weighting Coefficient

Extracting face-candidate face candidate region = a,

Unit 1 extracting method  non-face candidate region = b,

Extracting background- face candidate region

Unit 2 portion (non-background region) = a,
eltminating non-face candidate region
method

(background region) = b,

The above weilghting coeflicients are set 1n advance as
follows: A multiplicity of 1mages having various image
contents are prepared for evaluation of the respective
extracting methods. The ratio of the 1mages having various
image contents in the multiplicity of 1mages 1s set to be
substantially equal to the ratio of images having various
image contents 1n the 1images which are actually printed by
the photographic printing apparatus 10. Various face candi-
date regions are extracted from the multiplicity of 1mages
prepared for evaluation according to the respective extract-
ing methods. A comparison between each extracted face
candidate region and a region corresponding to an actual
face 1s made for each extracting method to determine the
degree of coincidence. The facial-region extracting perfor-
mance is evaluated for each extracting method (the evalu-
ating method will be described later), and each weighting
coellicient 1s determined on the basis of the result of
evaluation.

As for the determination of the weighting coeflicients
based on the results of evaluation, the weighting coetficients
for the respective regions including, for example, the face
candidate region, the non-face candidate region, the non-
background region, and the background region, are set as a
precondition such that “the weighting coetficient of the face
candidate region > the weighting coeflicient of the non-
background region > the weighting coeflicient of the non-
face candidate region > the weighting coefficient of the
background region.” Then, the weighting coeflicients for the
respective regions are set such that a high weight 1s imparted
to an extracting method which was given a high evaluation
(i.e., an extracting method in which a region having a high
degree of coincidence with a region corresponding to an
actual face was extracted as a face candidate region), in
correspondence with the result of evaluation for each
extracting method within a range which satisfies the pre-
condition.

Incidentally, the reason that “the weighting coeflicient of
the face candidate region > the weighting coeflicient of the
non-background region” in the above precondition i1s
because although the non-background region extracted as
the face candidate region by the background-portion extract-
ing method has a high probability of an actual facial region
being present 1n that region, its probability of coincidence
with the actual face 1s low.
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In Step 156, the weighting coelflicients set 1n correspon-
dence with the extracting method executed by the extracting
unit 56 which finished extraction processing are fetched. In
an ensuing Step 158, the face candidate region and the
non-face candidate region represented by the information
fetched 1n Step 154 are weighted by the weighting coefli-
cients fetched 1 Step 156. In Step 160, a determination 1s
made as to whether or not extracting processing has been
completed by all the extracting units 56, and i1if NO 1s the
answer 1n the determination, the operation returns to Step
152. Consequently, each time extraction processing 1s fin-

ished by one of the extracting units 56, to 56, , processing in
Steps 154 to 158 1s carried out.

If YES 1s the answer 1n the determination 1n Step 160, the
operation proceeds to Step 162. At this point of time, as
shown 1n FIG. 5B by way of example, each face candidate
region 1s extracted from the original image shown in FIG.
SA by each extracting unit, and the regions are respectively
welghted by the weighting coeflicients set for the respective
extracting methods. In Step 162, a facial region 1s finally
determined on the basis of the result of the weighting just
mentioned, and information representing the determined
facial region 1s stored in the storage means 40E.

This determination 1s elfected, for example, as follows:
An overall weighting coefficient (which 1s determined by
adding or multiplying the weighting coefficients respec-
fively imparted 1n correspondence with the results of extrac-
tion by the extracting units) is determined for each portion
of the 1mage 1n correspondence with the results of extraction
by the extracting units, and the 1mage 1s divided into units
of regions whose overall weighting coeflicients are 1dentical.
Then, a region whose overall weighting coefficient 1s the
highest (in the example of FIGS. 5A, 5B, and 5C, the region
indicated by hatching) is determined to be a region having
the highest probability of being a region corresponding to
the facial region of a human figure (facial region).
Incidentally, although FIG. 5C shows the case where a single
region 1s determined to be a facial region, it goes without
saying that there can be cases where a plurality of regions
are determined to be facial regions depending on the content
of the image.

It should be noted that, in the case where the overall
welghting coefficient 1s determined by the addition of the
welghting coetlicients, 1t 1s desirable to set the weighting,
coellicients for the respective regions shown 1n Table 1 such
that the precondition that “the weighting coeflicient of the
face candidate region and the weighting coetlicient of the
non-background region > 0, and the weighting coeflicient of
the background region < 07 1s satisfied. For example, 1n a
case where a speciiic region which was extracted as a face
candidate region in the face-candidate extracting method
used by one extracting unit 1s determined to be a background
region 1n the background-portion eliminating method used
by another extracting unit, the reliability of the specific
region being a region corresponding to the face of a human
figure 1s low. However, 1f, as described above, a precondi-
tion 1s provided such that “the weighting coefficient of the
background region < 0,” the overall weighting coetficient of
the specilic region becomes a low value, and 1s hence
prevented from being erroneously determined as being a
facial region.

On the other hand, 1n the case where the overall weighting
coellicient 1s determined by the multiplication of the weight-
ing coeflicients, a precondition may be provided such that,
of the weighting coeflicients for the respective regions
shown 1n Table 1, “the weighting coefficient of the non-face
candidate region and the weighting coefficient of the back-
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cround region = 0. In this case, the overall weighting
coellicient of the region which 1s determined to be a non-
face candidate region or a background region by one of the
extracting units 56, to 56, becomes 0 urrespective of the
results of extraction processing by the other extracting units.

Since the weighting coellicients for the extracting meth-
ods are set such that a high weighting coefficient 1s imparted
to an extracting method whose facial-region extracting per-
formance 1s high, as described above, an actual facial region
can be determined appropriately with a high probability by
an extracting method having a larege weight. Even 1n a case
where 1t was 1mpossible to extract the actual facial region
appropriately by the extracting method having a large
welght, the probability of being able to determine the actual
facial region appropriately by the result of extraction by
another extracting method 1s high. Hence, 1t 1s possible to
determine the actual facial region with a high probability.

This completes the facial-region determination
processing, and the operation proceeds to Step 110 1n the
flowchart in FIG. 3A. In Step 110, an average density Di
(i=one of R, G, and B) of the image plane is calculated on
the basis of the image data stored mn Step 106. Then, an
exposure amount E. 1s calculated 1n accordance with the
following formula by using the average density D; of the
image plane and the photometric data on R, G, and B of the
facial region determined earlier 1n the facial-region deter-
mination processing:

logFE =LM;CS (DN ~D)+PB+LBA+MB+NBAK +K, (1)

where the respective symbols are defined as follows:

™

[LM: magnification slope coefficient. The magnification
slope coeflicient 1s preset 1n correspondence with an
enlarging magnification which 1s determined by the
type of negative film and the print size.

CS: color slope coefficient. The color slope coeflicients
are prepared for each type of negative film, and include
one for underexposure and another for overexposure. A
determination 1s made as to whether the average den-
sity of an 1image frame to be printed 1s underexposed or
overexposed with respect to a density value of a
standard negative, and either a coeflicient for underex-
posure or a coelficient for overexposure 1s selected.

DN: density value of a standard negative.
D: density value of an 1image frame to be printed.

PB: value of correction balance with respect to a standard
color paper. This value 1s determined 1n correspon-
dence with the type of color paper.

[LB: value of correction balance with respect to a standard
printing lens. This value 1s determined i1n correspon-
dence with the type of lens used 1n printing.

MB: correction value (master balance value) with respect
to fluctuations 1n the quantity of light of the light source
or a change 1 the paper developing performance.

NB: negative balance (color balance) which is determined
by the characteristics of the negative film.

K, : color correction amount.

K, : density correction amount expressed by the following,
formula:

K{DR-I_DG-I_DB FDp+ FD-+ FDp
ﬂ_ —

3 3

}+Kb

where Ka and Kb are constants, and DF 1s an average density
of the facial region.
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Alternatively, the density correction amount K, i For-
mula (1) above may be set to be a correction value deter-
mined by a film examining device, and the color correction
amount K, may be expressed by using the average density
of the facial region as follows:

FDp + FD- + FDp
. = o . — — -
(Ky): = K {[FDI ] (DN,

DNp+ DNe + DNB]
3 }

3

where Kc 1s a constant.

Further, the exposure amount may be determined by
setting the density correction amount K, and the color
correction amount K, in Formula (1) above as correction
amounts determined by a film examinming device, and by
substituting the average density D of the print frame in
Formula (1) by an average density FD of the facial region.

In addition, a weighted average value may be determined by
weighting the density (or color) for each pixel of the region
determined to be a facial region 1 the facial-region deter-
mination processing in correspondence with the weighting
coellicient. Then, by calculating the exposure amount E by
using that weighted average value instead of the average
density D of the image plane, the weighting coeflicient
imparted to the region determined to be a facial region may
be reflected on the exposure amount E.

Further, the exposure amount E; may be calculated as
follows: By using only the overall weighting coeflicients for
the respective portions in the image determined in Step 162
in the flowchart of FIG. 4 as the result of facial-region
determination, characteristic amounts of the image, such as
an average density, a maximum value, a minimum value, or
an 1ntermediate value of the density, a density value 1n a
peak of a density histogram, a density value when an
accumulation frequency from a maximum or minimuimn
value of the density 1s a predetermined value, and a fre-
quency 1n a specific density range 1n the density histogram,
are determined 1n units of portions whose overall weighting
coellicients are 1dentical, on the basis of the density of each
pixel or the density of a unit area larger than one pixel. Then,
the characteristic amounts of the 1image determined 1n units
of the portions are weighted by the overall weighting
coellicients and are accumulated, and the exposure amount
E. 1s calculated by using the result of accumulation as the
density D or the correction amounts K, and K, in Formula
(1). In this case, to ensure that the effect exerted on the
exposure amount E by the characteristic amounts of the
image at a particular portion of the image (a portion whose
weight 1s large due to the overall weighting coefficient) does
not become excessively large, in the calculation of the
overall weighting coetficients in Step 162 in the flowchart of
FIG. 4, 1t 1s preferable to effect discarding if the overall
welghting coeflicient has exceeded a predetermined
threshold, or effect clipping or the like by providing an upper
limit or a lower limiat.

After the exposure amount E 1s calculated as described
above, In Step 112, the exposure amount E calculated above
1s outputted to the driver 46. Consequently, on the basis of
the mnputted exposure amount E the driver 46 moves the
color correction filter 18 to the position corresponding to the
exposure amount E. Further, the control unit 40 opens the
black shutter 26 for a predetermined time duration which 1s
determined by the exposure amount E. As a result, the image
which has been positioned at the exposing position 1s printed
onto the printing paper 28 with the aforementioned exposure
amount E. In an ensuing Step 114, a determination 1s made
as to whether or not all the 1images recorded on the negative
film 12 have been printed. If NO 1s the answer in the
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determination, the operation returns to Step 100 to repeat the
foregoing processing. If YES 1s the answer in the determi-
nation 1n Step 114, the operation proceeds to Step 116.

In Step 116, a determination 1s made as to whether or not
a timing for updating the weighting coefficients (the prede-
termined timing 1n the above-described second aspect of the
invention) has arrived. As for this determination, if, after the
previous updating of weighting coeflicients, a predetermined
period has elapsed or a predetermined number of negative
films 12 to be processed has been reached, or if the number
of 1images printed on the printing paper 28 has reached a
predetermined number, a determination 1s made that the
updating timing has arrived, and YES 1s hence given as the
answer. If NO 1s the answer 1n the determination, processing,
ends, but 1if YES 1s the answer 1n the determination, the
operation proceeds to Step 118.

In Step 118, mformation representing face candidate
regions extracted by the respective extracting units 56, to
56, with respect to a predetermined image, as well as
information representing a facial region which has been
finally determined with respect to the predetermined 1mage,
1s fetched from the information stored in the storage means
40E. In an ensuing Step 120, the degrees to which the
numbers of face candidate regions respectively extracted by
the extracting units 56, to 56_, their positions, and their
shapes coincide with those of the finally determined facial
region (degrees of coincidence) are respectively determined
on the basis of the information fetched 1n the preceding step,
and the results are stored.

In Step 122, a determination 1s made as to whether or not
the processing in Steps 118 and 120 has been effected with
respect to all the 1mages the information on which has been
stored 1n the storage means 40E. If NO 1s the answer 1n the
determination, the operation returns to Step 118 to repeat the
processing of Steps 118 and 120 with respect to all the
images the information on which has been stored in the
storage means 40E. If YES i1s the answer 1n the determina-
tion 1n Step 122, the operation proceeds to Step 124, in
which the facial-region extracting performance of the
extracting methods of the extracting units 56, to 56_ 1is
evaluated on the basis of the degrees of coincidence calcu-
lated for the respective images. In an ensuing Step 126, the
welghting coelficients for the respective extracting methods
are updated 1 accordance with the results of evaluation.

Incidentally, as for the evaluation of the facial-region
extracting performance and the updating of the weighting
coellicients, an evaluation 1s made that the facial-region
extracting performance 1s high in the case of an extracting
method by which high degrees of coincidence have been
obtained with a high probability with respect to a large
number of 1mages, and the weighting coefficients are finely
adjusted such that the weight of the face candidate region
extracted by that extracting method becomes larger. On the
other hand, in the case of the extracting method by which
low degrees of coincidence have been obtained with respect
to a multiplicity of 1mages, an evaluation 1s made that its
facial-region extracting performance 1s low, and the weight-
ing coellicients are finely adjusted such that the weight of the
face candidate region extracted by that extracting method
becomes smaller.

In an ensuing Step 128, the weighting coeflicients updated
in the preceding step are stored in the storage means 40F,
and the information (information fetched in Step 118) which
was stored 1n the storage means 40E to evaluate the facial-
region extracting performance of each extracting method is
deleted, and the processing ends.

The ratio of 1mages having various image contents in the
images which are requested to be photographically pro-
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cessed and are subjected to processing such as printing by
the photographic printing apparatus 10 changes depending
on a season and the like, just as, for example, the ratio of
images 1n which human figures with suntanned faces have
been photographed increases during the summer. Also, the
aforementioned ratio can possibly change depending on the
country or district where the photographic printing apparatus
10 1s mstalled. In contrast, as described above, since the
facial-region extracting performance of the respective
extracting methods 1s periodically evaluated, and the
welghting coeflicients are updated on each such occasion,
even 1f the ratio of images having various 1mage contents in
the 1mages which are processed by the photographic printing
apparatus 10 changes, or the aforementioned ratio 1s differ-
ent from those 1n other countries or districts, the weighting
coellicients are updated 1 such a manner as to 1ncrease the
welght of an extracting method which 1s able to extract
regions of high degrees of coincidence with an actual facial
region with a high probability with respect to a large number
of 1mages as face candidate regions. Hence, in the facial-
region determination processing 1 Step 108 of FIG. 3A, 1t
1s possible to determine a region corresponding to the face
of a human figure in each 1mage with a high probability
irrespective of the ratio of 1mages having various image
contents. In addition, since the exposure amount is calcu-
lated by placing emphasis on the color or density of the
determined facial region, 1t 1s possible to obtain an exposure
amount with which the portion corresponding to the face of
the human figure 1n the 1mage can be printed appropriately.

In the above description, information representing the
face candidate regions extracted by the various extracting
methods and the finally determined facial region 1s stored in
advance, the degrees to which the numbers of face candidate
regions respectively extracted by the extracting methods,
their positions, and their shapes coincide (degrees of
coincidence) are respectively determined on the basis of the
aforementioned imformation, so as to evaluate the facial-
region extracting performance of each extracting method.
The present mvention 1s not limited to the same, and an
arrangement may be provided such that information repre-
senting characteristic amounts of an i1mage of the face
candidate regions extracted by the various extracting meth-
ods and the finally determined facial region is stored 1in
advance, a comparison 1s made between the characteristic
amount of the image of the finally determined facial region
and characteristic amounts of the image of the face candi-
date regions respectively extracted by the various extracting
methods, and degrees of coimncidence of these characteristic
amounts of the 1mage are determined, so as to evaluate the
facial-region extracting performance of each extracting
method.

In addition, in the above description, the arrangement
provided 1s such that information for evaluating the facial-
region extracting performance of each extracting method (in
the above, mnformation representing face candidate regions,
and 1nformation representing a finally determined facial
region) 1s stored in advance with respect to all the images
subjected to printing. The present invention 1s not limited to
the same, and an arrangement may be provided such that the
aforementioned mformation 1s stored each time a predeter-
mined number of 1mages have been printed, for example.
Thus, the storage capacity of the storage means 40E neces-
sary for storing the aforementioned information can be made
small. Furthermore, the storage capacity of the storage
means 40E can also be made small 1f, periodically, an
intermediate evaluation of the facial-region extracting per-
formance of each extracting method 1s made on the basis of
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the information stored 1n the storage means 40E, the mfor-
mation stored i the storage means 40E 1s concurrently
deleted, and each time the intermediate evaluation has been
carried out a predetermined number of times, the interme-
diate evaluations up till then are integrated to evaluate the
facial-region extracting performance of each extracting
method.

In addition, although, 1n the above, a description has been
orven of an example 1 which extraction processing by the
extracting units 56, to 56_ 1s executed 1n parallel, the present
mmvention 18 not limited to the same, and the extraction
processing by the extracting units 56, to 56, may be
executed consecutively.

Second Embodiment

Next, a description will be given of a second embodiment
of the present 1invention. It should be noted that since this
second embodiment has a configuration similar to that of the
first embodiment, the respective parts will be denoted by the
same reference numerals, and a description of the configu-
ration will be omitted. Hereafter, a description will be given
of a portion of the operation of the second embodiment
which differs from the first embodiment.

In this second embodiment, weighting coeflicients are set
with respect to the extracting methods executed by the
extracting units 56, to 56_ 1n the same way as in the first
embodiment, and priorities of execution of the respective
extracting methods are set in advance. As for the priorities,
the facial-region extracting performance of each extracting
method 1s evaluated in the same way as 1n the determination
of the weighting coeflicients described in the first
embodiment, and the priorities are set such that a high
priority 1s given to an extracting method whose facial-region
extracting performance 1s high. Accordingly, 1f there are a
plurality of extracting methods whose facial-region extract-
ing performances are at the same level, the same priority is
imparted to these extracting methods.

Next, referring to flowcharts shown in FIGS. 6A and 6B,
a description will be given of printing processing 1n accor-
dance with the second embodiment. In Steps 100 to 106, in
the same way as 1n the first embodiment, the negative film
12 1s transported, the image recorded on the negative film 12
1s posifioned at the exposing position, the positioned 1mage
1s photometrically measured by the CCD 1mage sensor 32,
and the 1mage data obtained by photometry 1s stored in the
RAM 40C or the like. In an ensuing Step 109, facial-region
determination processing 1s executed. A description will be
orven of this facial-region extracting performance with
reference to flowcharts shown 1 FIGS. 7A to 7C.

In Step 148 in FIG. 7A, a determination 1s made as to
whether or not a timing for storing data (the first predeter-
mined timing in the above-described fourth aspect of the
invention) which is used for evaluation of the facial-region
extracting performance of the extracting methods and for
updating the priorities has arrived. Incidentally, as for this
determination, if, after the previous storage of the afore-
mentioned data, a predetermined period has elapsed or a
predetermined number of negative films 12 to be processed
has been reached, or if the number of 1mages printed on the
printing paper 28 has reached a predetermined number, a
determination 1s made that the storage timing has arrived,
and YES 1s hence given as the answer.

At normal times when the data storage timing has not
arrived, NO 1s given as the answer 1n the determination 1n
Step 148, and the operation proceeds to Step 170. In Step
170, the priorities which have been respectively imparted to
the extracting units are fetched. In an ensuing Step 172, the
image data on an entire image plane portion of the 1mage 1s
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outputted to all the extracting units with the highest priority
imparted thereto (the relevant extracting units may be one,
a plurality of, or all of the extracting units), and execution of
extraction processing 1s instructed. Consequently, extraction
processing 1s elfected only by the extracting unit 56 with the
highest priority imparted thereto by using the entire 1mage
plane of the 1mage as a range subject to processing.

In an ensuing Step 174, a determination 1s made as to
whether or not extraction processing by the extracting unit,
to which the execution of extraction processing was
instructed, has been finished, and the operation waits until
the extraction processing ends. If YES 1s the answer 1n the
determination 1n Step 174, information representing the
result of extraction by the extracting unit 56 which finished
the extraction processing 1s fetched from the extracting unit
56 1n Step 176. In an ensuing Step 178, the weighting
coellicients set in correspondence with the extracting
method executed by the extracting unit 56 which finished the
extraction processing are fetched. In Step 180, t h ¢ face
candidate region and the non-face candidate region repre-
sented by the mnformation fetched 1n step 176 are weighted
by the weighting coeflicients fetched in Step 178.

In Step 182, a determination 1s made as to whether or not
the extraction processing has been completed by all the
extracting units 56 to which the execution of the extraction
processing has been mstructed, and 1f NO 1s the answer in
the determination, the operation returns to Step 174.
Incidentally, 1n a case where the execution of the extraction
processing has been instructed to only one extracting unit
56, YES 1s unconditionally given as the answer in this
determination. Meanwhile, 1n a case where another extract-
ing unit 56 which 1s still executing the extracting processing
1s present, NO 1s given as the answer 1n the determination,
and the operation returns to Step 174. If extraction process-
ing has been finished, the processing in Steps 176 to 180 1s
carried out again.

If YES 1s the answer 1n the determination 1n Step 182, the
operation returns to Step 184. At this point of time, as shown
in (B) of FIG. 8 by way of example, a face candidate region
is extracted from an original image shown in (A) of FIG. 8
by an extracting unit with the highest priority imparted
thereto, and the extracted face candidate region and the
non-face candidate region are respectively weighted by the
welghting coeflicients set 1n correspondence with the
extracting method of extracting unit. Incidentally, (A) to (D)
of FIG. 8 show a case where the number of extracting units
to which the highest priority 1s imparted 1s “1.”

In Step 184, a facial region 1s determined on the basis of
the results of the weighting of the regions 1n the 1mage. In
this Step 184, i1f the number of extracting units which
executed extraction processing previously 1s “1,” the facial
region 15 determined 1n accordance with the results of the
welghting of the respective regions on the basis of the result
of extraction by the aforementioned extracting unit.
However, 1n a case where the extraction processing was
cffected by a plurality of extracting units previously, an
overall weighting coeflicient 1s determined for each portion
of the 1mage 1n correspondence with the results of extraction
by the extracting units, and the 1image 1s divided into units
of regions whose overall weighting coeflicients are 1dentical.
Then, a region whose overall weighting coefficient 1s a
predetermined value or more 1s determined to be a facial
region.

In an ensuing Step 186, a determination 1s made as to
whether or not there 1s an extracting unit to which has been
imparted a priority lower than that of the the extracting unit
which effected extraction processing earlier. If YES 1s the
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answer 1n the determination, a determination 1s made of an
extracting unit to which a priority second highest to the
extracting unit which effected processing carlier has been
imparted. Then, only the image data on the facial region
determined earlier in Step 184 (data on measuring points
which are present in the range of the facial region) is
outputted to all the relevant extracting units, and the execu-
fion of extraction processing 1s mstructed thereto. Thus, in
the extracting units which are instructed to execute extrac-
fion processing, extraction processing 1s elfected only with
respect to the range of the facial region determined on the
basis of the the result of extraction by an extracting method
of a high priority (the range indicated by hatching in (B) of
FIG. 8, for example) as an object of processing. Thus, as
compared with a case where exXftraction processing 1is
cffected with respect to the overall plane of the 1mage as an
object of processing, the extraction processing 1s completed
in a short time.

In this case, an extracting method of a lower priority 1s
used to assist an extracting method of a higher priority, and
as shown in (C) of FIG. 8 by way of example, range
narrower than the facial region determined earlier i1s
extracted as a facial region.

After effecting the processing of Step 188, the operation
returns to Step 174, and the processing of Steps 174 to 186
1s effected 1n the same way as before. Then, if YES 1s given
again as the answer 1n the determination m Step 186, the
execution of extraction processing with respect to a further
narrowed-down range as the range subject to processing 1S
instructed to the extracting unit of an even lower priority. As
the above-described processing 1s repeated, and 1if NO 1s the
answer 1n the determination 1n Step 186, a facial region such
as the one shown 1n FIG. 8D by way of example 1s extracted,
and the facial-region determination processing ends. Then,
the operation proceeds to Step 110 1n the flowchart shown in
FIG. 6A.

As described above, since the priorities with respect to the
respective extracting methods are set such that the priority of
an extracting method having a high facial-region extracting,
performance, 1t 1s possible to appropriately determine an
actual facial region with a high probability by an extracting,
method of a high priority. At the same time, even 1n cases
where 1t has not been possible to appropriately determine an
actual facial region by an extracting method of a high
priority, there 1s a high probability of being able to appro-
priately determine an actual facial region on the basis of the
result of extraction by another extracting method of a lower
priority, so that an actual facial region can be determined
appropriately with a high probability.

Meanwhile, 1f 1t 1s determined in Step 148 that a data
storage timing has arrived, and YES 1s hence given as the
answer 1n the determination, the operation proceeds to Step
150. In Steps 150 to 162, the same processing as the
facial-region determination processing (see FIG. 4)
described 1n the first embodiment 1s carried out. In this case,
extraction processing 1s effected by all the extracting units
with respect to the overall plane of the 1mage as an object for
processing, and mmformation representing the face candidate
regions extracted by the extracting units 1s stored in the
storage means 40E. At the same time, a facial region 1is
determined on the basis of the results of weighting through
the extraction processing by by the extracting units, and
information representing the determined facial region 1is
stored 1n the storage means 40F.

In FIGS. 6 A and 6B, processing 1n Step 110 and thereafter
1s almost the same as the printing processing shown in FIGS.
3A and 3B. In Step 116, however, a determination 1s made
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as to whether or not a timing for updating the weighting
coefficients and priorities (the second predetermined timing
in the above-described fourth aspect of the invention) has
arrived. Then, if YES 1s the answer 1n the determination,
since the processing of Steps 150 to 162 1s periodically
executed 1n the facial-region determination processing

described above, the updating of the weighting coeflicients
1s carried out 1 Steps 118 to 126 on the basis of the

information stored 1n the storage means 40E 1n the same way
as 1n the first embodiment.

In an ensuing Step 127, the priorities are updated in
accordance with the results of evaluation of the facial-

region extracting performance of the respective extracting
methods 1 Step 124. Regarding these priorities as well, 1n
the same way as the weighting coeilicients, a high priority 1s
imparted to an extracting method whose facial-region
extracting performance has been evaluated to be high, and a
low priority 1s 1mparted to an extracting method whose
facial-region extracting performance has been evaluated to
be low. Then, 1n an ensuing Step 128, the weighting coet-
ficients and the priorities updated in Step 126 are stored in
the storage means 40E, and the information which was
stored 1n the storage means 40E to evaluate the facial-region
extracting performance of each extracting method 1s deleted,
and the processing ends.

In the above description, since the facial-region extracting,
performance of each extracting method 1s periodically
evaluated, and the weilghting coefficients and priorities are
updated on each such occasion, even 1if the ratio of 1images
having various image contents i1n the images which are
processed by the photographic printing apparatus 10
changes, or the aforementioned ratio 1s different from those
in other countries or districts, the weighting coeflicients are
updated 1n such a manner as to increase the weight of an
extracting method which 1s able to extract regions of high
degrees of coincidence with an actual facial region with a
high probability with respect to a large number of 1mages as
face candidate regions. At the same time, the priorities are
updated 1n such a manner that a high priority 1s imparted to
that extracting method. Hence, in the facial-region determi-
nation processing 1 Step 109 of FIG. 6A, a region corre-
sponding to the face of a human figure 1n each 1image 1is
extracted with a high probability irrespective of the ratio of
images having various image contents. At the same time, as
compared with the facial-region determination processing in
the first embodiment, it 1s possible to determine a facial
region 1n a shorter period of time. In addition, since the
exposure amount 1s calculated by placing emphasis on the
color or density of the determined facial region, it 1s possible
fo obtain an exposure amount with which the portion cor-
responding to the face of the human figure 1n the 1mage can
be printed appropriately.

It should be noted that although the weighting coetficients
and the priorities are used jointly, an arrangement may be
provided such that only the priorities are used, and the
respective extracting methods are consecutively executed 1n
accordance with the priorities.

In addition, 1n the first and second embodiments, the
welghting coelficients and priorities are periodically
updated; however, the present invention 1s not limited to the
same, and an arrangement may be provided such that
optimum values of the weighting coefficients and priorities
are determined by experiments and the like, and are stored
in the photographic printing apparatus 10, and may be
fixedly used without being updated.

Third Embodiment

Next, a description will be given of a third embodiment of

the present invention. It should be noted that since this third
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embodiment has a configuration similar to those of the first
and second embodiments, the respective parts will be
denoted by the same reference numerals, and a description
of the configuration will be omitted. Hereafter, a description
will be given of the operation of the third embodiment.

In this third embodiment, weighting coeflicients and pri-
orities are set with respect to the extracting methods
executed by the extracting units 56, to 56, 1n the same way
as 1n the second embodiment, and priorities of execution of
the respective extracting methods are set 1n advance.

In addition, mn this third embodiment, the exposure
amount E 1s calculated i accordance with Formula (2)
below which is similar to Formula (1) referred in the first
embodiment. The correction amount E1 in Formula (2) is
derived from Formula (3) below.

logE=F0+E1 (2)

where,

E0: basic exposure amount (which corresponds to the
terms on the right-hand side of Formula (1) with the
correction amounts K; and K, excluded)

E1l: exposure correction amount (which corresponds to
the correction amounts K, and K, on the right-hand

side of Formula (1))

E1=AIx1+A2-x2+ - +Am-xm+b (3)

where,

x1 to xm: m kinds of characteristic amounts of the image
determined from the 1image subject to processing,

Al to Am, b: coethicients

The coeflicients A1 to Am and of mn the formula for
calculating the correction amount in Formula (3) above are
experimentally determined 1n advance as follows: Namely,
a predetermined characteristic amount of the image (e.g., a
density of a portion corresponding to a background) for
roughly classitying photographic scenes of images subject to
printing into a plurality of kinds of photographic scenes 1s
predetermined. Then, M groups of sample images (e.g., a
ogroup of 1mages photographed against bright backgrounds,
and a group of 1mages photographed against dark
backgrounds) for deriving the correction amount E1 are
prepared for each kind of photographic scenes. As for the
sample scenes for each kind of photographic scenes, the
contents of the groups of sample 1images and the number of
sample 1mages for each kind of photographic scenes are
determined such that their statistical nature 1s similar to the
statistical nature of groups of 1mages that are classified as
corresponding photographic scenes among the 1mages to be
printed.

Next, an 1deal exposure correction amount Z 15 experi-
mentally determined with respect to each of the sample
images prepared, and preset m kinds of 1image characteristic
amounts are determined. As for the m kinds of image
characteristic amounts, 1t 1s possible to use the characteristic
amounts of the image of a facial region and other regions 1n
the sample 1mages, €.g., a region corresponding to a non-
background portion (which may or may not include a facial
region) and a region corresponding to a background portion.
Specifically, it 1s possible to use, for mstance, an average
density, a maximum value, a minimum value, an interme-
diate value of the density, a density value 1n a peak of a
density histogram, a density value when an accumulation
frequency from a maximum or minimum value of the
density 1s a predetermined value, a frequency 1n a speciiic
density range in the density histogram, and other known
characteristic amounts of the image.
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Then, for each kind of photographic scenes (each group of
sample images), the coefficients A1 to Am and of the
correction-amount calculating formula are determined by
multiple regression calculation by setting as an objective
variable the ideal exposure correction amount Z of each
sample 1mage belonging to the same group of sample
images, and by setting as prediction variables the m kinds of
image characteristic amounts of each sample image. If the
exposure correction amount El 1s determined by using the
coelficients A1l to Am and b of the correction-amount
calculating formula determined as described above, and by
substituting the m kinds of image characteristic amounts of
the 1mage to be printed into the correction-amount calculat-
ing formula, 1t 1s possible to obtain an exposure correction
amount E1 1n which a residual with the ideal exposure
correction amount Z becomes statistically minimal.

In this third embodiment, the coefficients A1 to Am and
b determined for each kind of photographic scenes as
described above are stored in advance in the storage means
40FE.

Next, referring to flowcharts shown 1n FIGS. 9A, 9B, and
9C, a description will be given of printing processing 1n
accordance with the third embodiment. In Steps 200 to 208,
in the same way as Steps 100 to 109 of the flowchart of FIG.
6A referred to 1n the second embodiment, the negative film
12 1s transported, the 1mage recorded on the negative film 12
1s positioned at the exposing position, the positioned 1mage
1s photometrically measured by the CCD 1mage sensor 32,
and the image data obtained by photometry 1s stored in the
RAM 40C or the like. Then, in Step 208, facial-region
determination processing (see FIGS. 7A to 7C) is executed.

In an ensuing Step 210, the m kinds of 1mage character-
istic amounts of the image to be printed are calculated on the
basis of the results of facial-region determination processing,
in Step 208. In Step 212, the photographic scene of the
image to be printed 1s classified on the basis of a predeter-
mined 1mage characteristic amount (e.g., the density of a
portion corresponding to the background), which as been set
for roughly classifying the photographic scenes of images to
be printed, among the plurality of image characteristic
amounts calculated 1n the preceding step.

In Step 214, a determination 1s made as to whether or not
a correction-amount calculating formula for i1mages for
which recorrection of the exposure amount 1s estimated to be
required (the determined exposure amount is to be further
corrected) has been derived. A description will be given later
of the correction-amount calculating formula for 1mages for
which recorrection 1s estimated to be required. In the 1nitial
state (shipped state) of the photographic printing apparatus
10, the correction-amount calculating formula for images for
which recorrection 1s estimated to be required has not been
derived, so that, 1n that case, NO 1s given as the answer 1n
the determination 1n Step 214, and the operation proceeds to
Step 218. In Step 218, the coeflicients Al to Am and b of the
correction-amount calculating formula corresponding to the
photographic scene of the image to be printed, which has
been classified earlier, are fetched, and the operation pro-
ceeds to Step 222.

In Step 222, the exposure correction amount E1 1s calcu-
lated by substituting the m kinds of 1mage characteristic
amounts of the image to be printed, which was calculated
carlier, into the correction-amount calculating formula deter-
mined by the coetlicients Al to Am and b fetched earlier. As
a result, 1t 1s possible to obtain the exposure correction
amount E1 which takes into consideration the 1mage cor-
rection amounts of a region other than the facial region
determined by the facial-region determination processing.
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At the same time, since the correction-amount calculating
formula (its coefficients) 1s determined for each kind of
photographic scenes, 1t 1s possible to obtain an exposure
correction amount El which allows the exposure amount to
be corrected with high accuracy for each kind of photo-
graphic scenes.

In Step 224, the exposure amount E of the image to be
printed 1s calculated by calculating the basic exposure
amount EQ on the basis of the average density D and the like
of the 1image to be printed, and by substituting the calculated
basic exposure amount EQ and the exposure correction
amount E1 calculated in the preceding step into Formula (2),
1.€., the exposure-amount calculating formula. In Step 226,
a printed 1image which 1s obtained by printing the 1mage onto
the printing paper 28 with the exposure amount E calculated
in the preceding step and by effecting development and other
processing 1s estimated. Then, a simulation 1mage represent-
ing the estimated printed 1mage 1s generated and 1s displayed
on the display 42.

Here, the operator refers to the simulation image dis-
played on the display 42, and checks the 1mage and deter-
mines whether or not the density, color, and the like of each
portion of the stimulation image are appropriate. Then, 1f the
operator determines that the stmulation 1mage 1s appropriate,
the operator enters through the keyboard 44 or the like
information representing that the simulation 1mage 1s
“acceptable” as the result of the check. As described above,
in this third embodiment, the 1mages are classified according
to the photographic scenes, and the exposure correction
amount E1 1s calculated by using coeflicients for the
correction-amount calculating formula determined 1n
advance for each photographic scene in order to calculate
the exposure amount E, so that the simulation 1mages turn
out to be “acceptable” with a high probability as the result
of the check.

In an ensuing Step 228, a determination 1s made of the
result of the operator’s check of the simulation 1mage. If
information representing “acceptable” 1s entered, the opera-
tion proceeds from Step 228 to Step 230. In Step 230, the
exposure correction amount E1 calculated 1in Step 222 and
the m Kkinds of 1mage characteristic amounts calculated 1n
Step 210 are stored in the storage means 40E as data on an
image not subjected to recorrection (an image for which the
determined exposure amount was not corrected by the
operator), in correspondence with the photographic scene
classified 1n Step 212.

Meanwhile, 1n a case where a determination 1s made by
the operator that the simulation 1mage displayed on the
display 42 1s not appropriate, the operator enters through the
keyboard 44 or the like information representing a correc-
tion amount for further correcting the exposure amount
which was calculated earlier in Step 224 and 1s presently set
for obtaining an appropriate printed 1mage. As a result, the
operation proceeds from Step 228 to Step 232, in which the
presently set exposure amount E 1s further corrected by the
inputted correction amount. In an ensuing Step 234, a
simulation 1image 1s generated on the basis of the corrected
exposure amount E in the same way as 1n the previous Step
226, and 1s displayed on the display 42. Then, 1n Step 236,
a determination 1s made of the result of the operator’s check
of the redisplayed simulation 1mage.

If the correction amount 1s entered again by the operator,
the operation returns to Step 232 to repeat Steps 232 to 236.
Meanwhile, 1f the 1nformation representing “acceptable™ 1s
entered by the operator, the operation proceeds to Step 238.
In Step 238, the exposure correction amount E1 1n which the
correction amount entered by the operator 1s added to the
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exposure correction amount E1 calculated 1n Step 222, as
well as the m kinds of 1mage characteristic amounts calcu-
lated 1n Step 210, are stored 1n the storage means 40E as the
data on an 1mage subjected to recorrection, 1n correspon-
dence with the photographic scene classified 1n Step 212.
In an ensuing Step 240, the exposure amount E (in a case
where the correction amount has been entered by the
operator, the exposure amount E to which the entered

correction amount s added) is outputted to the driver 46, and
the black shutter 26 1s opened for a time duration which 1s
determined by the exposure amount E. As a result, the image
positioned at the exposing position 1s printed onto the
printing paper 28 with the exposure amount E. In Step 242,
a determination 1s made as to whether or not the printing of
all the 1images recorded on the negative film 12 has been
carried out. If NO 1s the answer 1n the determination, the
operation returns to Step 200 to repeat the foregoing pro-
cessing. If YES 1s the answer in Step 242, the operation
proceeds to Step 244.

In Step 244, a determination 1s made as to whether or not
a timing for updating the weighting coetlicients and priori-
ties has arrived. If NO 1s the answer 1n the determination, the
operation proceeds to Step 248, but 1if YES 1s the answer 1n
the determination, the operation proceeds to Step 246, where
after effecting the updating processing of the weighting
coellicients and priorities in the same way as 1in Steps 118 to
128 1n the flowchart of 1n FIG. 6B, the operation proceeds
to Step 248.

In Step 248, a determination 1s made as to whether or not
a timing for updating the correction-amount calculating
formula (the predetermined timing in the above-described
eighth and ninth aspects of the invention) has arrived. YES
1s given as the answer 1n this determination each time a
predetermined period of time has elapsed or a fixed volume
of data has been stored 1n the storage means 40E. If NO 1s
the answer 1n the determination, printing processing ends,
but 1f YES 1s the answer 1n the determination, processing for
updating the correction-amount calculating formula 1s
executed 1 Step 250. Referring to the flowcharts shown 1n
Figs. 10A and 10B, a description will be given of the
processing for updating the correction-amount calculating
formula.

In Step 300, on the basis of the data stored 1n the storage
means 40E, a check i1s made of the difference in the
statistical quality of the characteristic amount of an 1mage
between 1mages subjected to recorrection and 1mages not
subjected to recorrection. This check can be made, for
instance, by determining an average u and a variance a with
respect to the m kinds of image characteristic amounts,
which have been obtained by calculation on a multiplicity of
images and stored 1n the storage means 40E, and which are
classified mnto a group of 1mages subjected to recorrection
and a group of 1mages not subjected to recorrection, and by
determining whether or not there 1s an 1mage characteristic
amount which satisfies the following Formulae (4) among
the m kinds of image characteristic amounts:

In the case of w0>ul:(ul+k1-01)<(u0-40-00)
In the case of w0<ul :(ul—k1-01)>(u0+£0-00)

(4)

where,

ul): average value of a predetermined 1image characteristic
amount of 1mages not subjected to recorrection

ol): variance of a predetermined i1mage characteristic
amount of 1mages not subjected to recorrection

ul: a average value of a predetermined 1mage character-
istic amount of 1images subjected to recorrection
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ol: varlance of a predetermined image characteristic
amount of 1mages subjected to recorrection
where kO and k1 are constants, and can be set by an
experiment or the like.

In an ensuing Step 302, on the basis of the result of
processing 1 Step 300, a determination 1s made as to
whether or not it 1s possible to distinguish between 1mages
for which the determined exposure amount 1s required to be
further corrected and i1mages for which the determined
exposure amount 1s not required to be corrected, 1.c.,
whether there has been an 1mage characteristic amount
concerning which a difference in the statistical quality has
been produced between 1mages subjected to recorrection and
images not subjected to recorrection. This can be determined
on the basis of whether or not there has been an 1mage
characteristic amount which satisfies Formulae (4) among
the m kinds of 1image characteristic amounts.

If NO 1s the answer in the above determination, the
operation proceeds to Step 304, in which all the data (m
kinds of 1mage characteristic amounts, exposure correction
amount E1) on images classified as a particular photographic
scene 1s fetched among all the 1image data including data on
the 1mages subjected to recorrection and data on the 1images
not subjected to recorrection. In an ensuing Step 306, the
coellicients Al to Am and of the correction-amount calcu-
lating formula (3) for images which are classified as the
particular photographic scene are derived by multiple
regression calculation by setting the exposure correction
amount E1 of the fetched data as an objective variable and
the m kinds of 1mage characteristic amounts as prediction
variables. The derived coeflicients Al to Am and b are stored
in the storage means 40E 1n correspondence with the afore-
mentioned particular photographic scene.

In an ensuing Step 308, a determination 1s made as to
whether or not the above-described processing has been
been completed for all kinds of the predetermined photo-
oraphic scenes. If NO 1s the answer 1n the determination, the
operation returns to Step 304 to repeat the processing of
Steps 304 and 306, in which the coeflicients Al to Am and
b of the correction-amount calculating formula for the
various kinds of predetermined photographic scenes are
respectively derived, and are stored in the storage means
40E. Then, 1f the above-described processing has been
carried out for all the predetermined photographic scenes,
YES 1s given as the answer 1n the determination 1n Step 308,
and the data used 1n the processing 1s deleted, whereupon the
processing for updating the correction-amount calculating
formula ends.

Meanwhile, if YES 1s the answer 1n the determination 1n
the earlier Step 302, the operation proceeds to Step 310, in
which a calculation 1s performed of a threshold th whereby
images for which recorrection is to be required (images for
which the determined exposure amount is estimated to be
further corrected by the operator) and images for which
recorrection is not to be required (images for which the
determined exposure amount 1s estimated to be not further
corrected by the operator) are distinguished on the basis of
an 1mage characteristic amount. This threshold th, for
instance, can be determined with respect to an 1mage char-
acteristic amount which satisfies Formulae (4) above, in
accordance with the following Formula (5) or (6):

In the case of u0>uland (ul1+k1-01)<(10-40-00), th=ul+k2-01 (5)
In the case of u0<uland (1-k1-01)<(u0+k0-00), th=ul1-k2-01 (5)

In Step 312, only the data on 1mages subjected to recor-
rection 1s fetched, and, on the basis of the fetched data, the
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coellicients Al to Am and of the correction-amount calcu-
lating formula for 1mages for which recorrection 1s estimated
to be required are derived by multiple regression calculation
in the same way as 1n Step 306 above, and the derived
coellicients Al to Am and b are stored 1n the storage means
40E. In Step 314, of the data on 1mages not subjected to
recorrection, which 1s stored in the storage means 40E, all
the data on 1images classified as a particular scene 1s fetched.
In an ensuing Step 316, on the basis of the fetched data, the
coelficients A1l to Am and b of the correction-amount
calculating formula for 1mages, for which recorrection 1is
estimated to be not required and which are classified as the
aforementioned particular photographic scene, are derived
by multiple regression calculation in the same way as 1 Step
306 above, and the derived coefhicients Al to Am and b are
stored 1n the storage means 40E 1 correspondence with the
aforementioned particular photographic scene.

In an ensuing Step 318, a determination 1s made as to
whether or not the above-described processing has been
carried out for all the kinds of the predetermined photo-
oraphic scenes. If NO 1s the answer 1n the determination, the
operation returns to Step 314 to repeat the processing of
Steps 314 to 316, 1n which the coefficients Al to Am and b
of the correction-amount calculating formula for the various
kinds of predetermined photographic scenes are respectively
derived, and are stored 1n the storage means 40E. Then, if the
above-described processing has been carried out for all the
predetermined photographic scenes, YES 1s given as the
answer 1n the determination in Step 318, and the data used
in the processing 1s deleted, whereupon the processing for
updating the correction-amount calculating formula ends.

When the coetlicients Al to Am and b of the correction-
amount calculating formula for 1images for which recorrec-
fion 1s required are derived 1n the above-described manner,
YES i1s given as the answer 1n the determination in Step 214
in the printing processing (see FIGS. 9A, 9B, and 9C) which
1s executed when an 1image to be printed 1s printed onto the
printing paper 28. Then, the operation proceeds to Step 216.
In Step 216, the predetermined 1image characteristic amount
(the image characteristic amount which satisfied Formula (4)
in the above processing for updating the correction-amount
calculating formula) of the image to be printed is compared
with the threshold th, and a determination 1s made as to
whether or not recorrection 1s required for the 1mage to be
printed (the determined exposure amount 1s further corrected
by the operator).

If NO 1s the answer 1n the determination, the operation
proceeds to Step 218, but if YES 1s the answer in the
determination, the operation proceeds to Step 220 to fetch
the coeflicients Al to Am and b of the correction-amount
calculating formula for images for which recorrection 1is
estimated to be required. Consequently, 1n Step 222, the
exposure correction amount E1 1s calculated by using the
fetched coeflicients A1 to Am and b of the correction-
amount calculating formula for 1mages for which recorrec-
fion 1s estimated to be required.

To what extent of density the flesh color 1s to be optimally
finished varies depending on countries and districts since the
makeup of the race differs. In addition, even 1n the same
district, the ratio of 1images in the images to be printed
changes depending on a season, just as, for example, the
rat1o of images 1n which human figures with suntanned faces
have been photographed increases during the summer. In
addition, not only 1n 1images 1n which human figures have
been photographed but also 1n 1mages 1n which landscapes
have been photographed, an appropriate exposure amount
varies depending on seasonal features (for example, differ-
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ences 1n the expression of the sunlight between a tropical
arca and other areas, differences in the expression of the
sunlight between the summer and the winter, and so on).

In contrast, in the above, since the coethicients of the
correction-amount calculating formula are periodically
updated by using the correction amount inputted by the
operator, 1f the operator enters a correction amount for the
exposure amount 1n correspondence with the a change 1n the
appropriate exposure amount which depends on the district
or seasonal features, that correction amount 1s reflected on
the coeflicients of the calculation of the correction amount.
As a result, the exposure correction amount E1 which makes
it possible to correct the exposure amount appropriately 1n
correspondence with the district or seasonal features 1is
determined. In addition, in the above-described third
embodiment, since the correction-amount calculating for-
mula (its coefficients) is determined for each kind of pho-
tographic scenes, 1t 1s possible to obtain the exposure
correction amount E1 which allows the exposure amount to
be corrected with high accuracy for each kind of photo-
oraphic scenes. Accordingly, it 1s possible to obtain with a
high probability an exposure amount which allows a region
corresponding to a principal portion of the 1mage to be
printed appropriately.

In addition, 1n the above, a determination 1s made as to
whether or not 1t 1s possible to discriminate between 1mages
for which the calculated exposure amount 1s estimated to be
further corrected by the operator and 1mages for which the
calculated exposure amount 1s estimated to be not corrected.
If a determination 1s made that they are distinguishable, the
correction-amount calculating formula (its coefficients) for
images for which recorrection 1s estimated to be required 1s
determined by using only the data on the images for which
the calculated exposure amount has been further corrected
(recorrected) by the operator. Therefore, even in a case
where the ratio of images which are recorrected by the
operator 1s considerably low, it 1s possible to obtain the
exposure correction amount El which 1s able to correct with
high accuracy the exposure amount for 1images which are
estimated to be recorrected. Thus, the probability of the
calculated exposure amount being further corrected by the
operator can be further reduced.

Incidentally, in the third embodiment, 1mages for which
recorrection 1s estimated to be required and 1mages for
which recorrection 1s estimated to be not required are
distinguished on the basis of one kind of characteristic
amount of the image. However, in a case where 1f a
difference 1s noted in the statistical quality between the
images subjected to recorrection and the 1mages not sub-
jected to recorrection with respect to a plurality of kinds of
characteristic amounts of the 1mage, an arrangement may be
provided such that the threshold th 1s determined with
respect to each of the plurality of kinds of characteristic
amounts of the image, and the 1mages for which recorrection
1s estimated to be required and 1mages for which recorrec-
tion 1s estimated to be not required are distinguished on the
basis of a combination of the plurality of kinds of charac-
teristic amounts of the 1mage.

In addition, 1n the third embodiment, only one correction-
amount calculating formula (its coefficients) is determined
for 1mages for which recorrection i1s estimated to be
required. However, the present invention 1s not limited to the
same, and the correction-amount calculating formula may be
determined for each kind of photographic scenes so as to be
used for images for which recorrection 1s estimated to be
required.

Further, 1n the third embodiment, the updating of the the
correction-amount calculating formula for each kind of
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photographic scenes and the determination as to whether or
not 1t 1s possible to distinguish between images for which
recorrection 1s required and 1images for which recorrection 1s
not required, are effected at the same timing. However, the
present mnvention 1s not limited to the same, the two 1tems of
processing may be effected at different timings. For instance,
the determination as to whether or not 1t 1s possible to
distinguish between images for which recorrection i1s
required and 1mages for which recorrection is not required
may be effected when the proportion of the data on 1mages
for which the determined exposure amount was further
corrected has reached a predetermined value or more.

In addition, 1n the above, an arrangement 1s provided such
that a region corresponding to a principal portion 1s
extracted from an 1mage recorded on the negative film 12
serving as a photographic film, and the exposure amount at
a time when the 1mage 1s printed onto the printing paper 28
serving as a copying material 1s determined. However, the
present invention 1s not limited to the same. As the recording,
medium of the image, 1t 1s possible to use other photographic
films, such as reversal films, and various other kinds of
recording medium, such as paper. Additionally, it 1s possible
to apply the present invention to the determination of a
copying condition at a time when an 1mage 1s copied onto
paper or the like serving as a copying material by means of
clectrophotography or the like.

Further, 1n the above, a description has been given of the
case where a region corresponding to the face of a human
figure as the principal portion 1s extracted from an i1mage
recorded on a photographic film. However, the present
invention 1s not limited to the same. For example, 1n the
mass-production of component parts, products, and the like,
a situation 1n which the produced component parts, products,
and the like are being consecutively conveyed may be
photographed, an 1mage representing the transported situa-
flon may be extracted from a photographing signal at a
predetermined signal, and a region corresponding to the
component part, product, and the like as the principal
portion may be determined from the extracted image. In this
case, the region where the determined figure subject to
extraction 1s present can be used for the purpose of, for
instance, automatically inspecting the produced component
parts, products, and the like.

What 1s claimed 1s:

1. A method of determining a principal portion of an
image, comprising the steps of:

extracting, from an identical original 1mage, regions esti-

mated to correspond to a principal portion thereof,
respectively, by means of a plurality of mutually dif-
ferent extracting methods for extracting from an origi-
nal 1mage a region estimated to correspond to a prin-
cipal portion thereof, and evaluating said extracting
methods by comparing with respect to a plurality of
original 1mages, on the one hand, the regions estimated
to correspond to the principal portion and extracted
respectively from the i1dentical original image by said
extracting methods and, on the other hand, a region
corresponding to the principal portion of the 1dentical
original image, or a region having a high probability of
being a region corresponding to the principal portion of
the 1dentical original 1mage and determined on the basis
of the regions estimated to correspond to the principal
portion and extracted respectively by said extracting
methods;

setting 1n advance a weight with respect to each of said
extracting methods 1n correspondence with a result of
evaluation;
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extracting regions estimated to correspond to a principal
portion, respectively, from an original image from
which the principal portion 1s to be extracted, by said
extracting methods;

welghting each of the extracted regions by the weight set
for each of said extracting methods; and
determining a region having a high probability of being a
region corresponding to the principal portion of the
original 1mage, on the basis of a result of the weighting.
2. A method of determining a principal portion of an
image according to claim 1, wherein when the region having
the high probability of being the region corresponding to the
principal portion of the original image has been determined,
information related to the region extracted by each of said
extracting methods and information related to the deter-
mined region are stored, and

wherein, at a predetermine timing, each of said extracting
methods 1s reevaluated on the basis of the stored
information, and the weight for each of said extracting
methods 1s corrected.

3. A method of determining a principal portion of an
image according to claim 2, wherein said extracting method
includes at least one of an extracting method for extracting
a region of a particular color 1n the original 1mage as the
region estimated to correspond to the principal portion, an
extracting method for extracting a region estimated to cor-
respond to the principal portion by detecting a pattern of
shape peculiar to the principal portion, and an extracting
method for extracting a region estimated to correspond to
the principal portion by eliminating a region estimated to
correspond to a background.

4. A method of determining a copying condition, com-
prising the steps of:

determining a region having a high probability of being a

region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an 1mage according to claim 2; and

determining a copying condition for the original image
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.

5. A method of determining a principal portion of an
image according to claim 1, wherein said extracting method
includes at least one of an extracting method for extracting
a region of a particular color 1n the original 1mage as the
region estimated to correspond to the principal portion, an
extracting method for extracting a region estimated to cor-
respond to the principal portion by detecting a pattern of
shape peculiar to the principal portion, and an extracting
method for extracting a region estimated to correspond to
the principal portion by eliminating a region estimated to
correspond to a background.

6. A method of determining a copying condition, com-
prising the steps of:

determining a region having a high probability of being a

region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an 1mage according to claim §; and

determining a copying condition for the original 1image
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.
7. A method of determining a copying condition, com-
prising the steps of:
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determining a region having a high probability of being a
region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an image according to claim 1; and

determining a copying condition for the original 1mage
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.

8. A method of determining a principal portion of an

image, comprising the steps of:

extracting, from an 1dentical original 1image, regions esti-
mated to correspond to a principal portion thereof,
respectively, by means of a plurality of mutually dif-
ferent extracting methods for extracting from an origil-
nal 1mage a region estimated to correspond to a prin-
cipal portion thereof, and evaluating said extracting
methods by comparing with respect to a plurality of
original 1mages, on the one hand, the regions estimated
to correspond to the principal portion and extracted
respectively from the i1dentical original image by said
extracting methods and, on the other hand, a region
corresponding to the principal portion of the i1dentical
original 1mage, or a region having a high probability of
being a region corresponding to the principal portion of
the 1dentical original image and determined on the basis
of the regions estimated to correspond to the principal
portion and extracted respectively by said extracting
methods;

setting 1n advance a priority with respect to each of said
extracting methods 1n correspondence with a result of
evaluation;

extracting a region estimated to correspond to a principal
portion from an original image from which the princi-
pal portion 1s to be extracted, by an extracting method
of a high priority;

determining a region having a high probability of being a
region corresponding to the principal portion of the
original image, on the basis of a result of the extraction
by the extracting method of the high priority;

extracting further a region estimated to correspond to the
principal portion from the determined region, by an
extracting method of a low priority; and
determining again a region having the high probability of
being the region corresponding to the principal portion
of the original 1mage, on the basis of a result of the
extraction by the extracting method of the low priority.
9. A method of determining a principal portion of an
image according to claim 8, wherein, at a first predetermined
fiming, regions estimated to correspond to the principal
portion are respectively extracted from the original 1mage by
said extracting methods, a region having the high probability
of being the region corresponding to the principal portion of
the original image 1s determined on the basis of a result the
extraction, and information related to the regions extracted
respectively by said extracting methods and information
related to the determined region are stored, and

wherein, at a second predetermined timing, each of said
extracting methods 1s reevaluated on the basis of the
stored information, and the priority for each of said
extracting methods 1s corrected.

10. A method of determining a principal portion of an
image according to claim 9, wherein said extracting method
includes at least one of an extracting method for extracting
a region of a particular color 1n the original 1image as the
region estimated to correspond to the principal portion, an
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extracting method for extracting a region estimated to cor-
respond to the principal portion by detecting a pattern of
shape peculiar to the principal portion, and an extracting
method for extracting a region estimated to correspond to
the principal portion by eliminating a region estimated to
correspond to a background.
11. A method of determining a copying condition, com-
prising the steps of:
determining a region having a high probability of being a
region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an 1mage according to claim 9; and

determining a copying condition for the original 1image
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.

12. A method of determining a principal portion of an
image according to claim 8, wherein said extracting method
includes at least one of an extracting method for extracting
a region of a particular color 1n the original 1mage as the
region estimated to correspond to the principal portion, an
extracting method for extracting a region estimated to cor-
respond to the principal portion by detecting a pattern of
shape peculiar to the principal portion, and an extracting
method for extracting a region estimated to correspond to
the principal portion by eliminating a region estimated to
correspond to a background.

13. A method of determining a copying condition, com-
prising the steps of:

determining a region having a high probability of being a

region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an image according to claim 12; and

determining a copying condition for the original 1image
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.

14. A method of determining a copying condition, com-

prising the steps of:

determining a region having a high probability of being a
region corresponding to a principal portion with respect
to an original 1mage to be copied onto a copying
material, by the method of determining a principal
portion of an 1mage according to claim 8; and

determining a copying condition for the original 1image
such that the determined region having the high prob-
ability of being the region corresponding to the prin-
cipal portion 1s copied appropriately.

15. Amethod of determining a copying condition accord-
ing to claim 4, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original 1mages, a
relationship between the plurality of kinds of characteristic
amounts of an 1mage and the correction amount 1s obtained
In advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original image
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to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 5, 8, or 9, the plurality of kinds of charac-
teristic amounts of an 1mage of the original 1mage,
including the characteristic amount of the determined
region having the high probability of being the region
corresponding to the principal portion, are obtained,
wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the

copying condition of the original image 1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1mage of the
original 1image and information representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship 1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an 1mage
stored with respect to the plurality of original 1images
and the information representing the correction amount
for the copying condition.

16. A method of determining a copying condition accord-
ing to claim 15, wherein the original 1mages are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an 1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tfion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an 1mage of the original 1mage, a determi-
nation 1s made as to to which one of the groups the
original 1mage to be copied belongs, the correction
amount for the copying condition 1s calculated by using
said relationship corresponding to the determined
ogroup, and the information representing the plurality of
kinds of characteristic amounts of an i1mage of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship 1s updated for each of the groups

at the predetermined timing.

17. A method of determining a copying condition accord-
ing to claim 15, wherein the information representing the
plurality of kinds of characteristic amounts of an 1mage of
the original images which determined the copying condition
and the information representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 1s made at a predetermined timing as to
whether or not an original 1image for which the deter-
mined copying condition 1s required to be further
corrected and an original 1mage for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,

whereln, 1n a case where 1t 1s determined that said 1mages
can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original images for which the
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determined copying condition was further corrected 1s
obtained 1n advance on the basis of the stored
information, and in the determination of the copying
condition, whether or not the original 1image to be
copied onto the copying material 1s the original image
for which the determined copying condition 1s required
to be further corrected 1s determined on the basis of at
least one of the plurality of kinds of characteristic
amounts of an 1image of said original image, whereas 1n
a case where 1t 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copying condition 1is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

18. Amethod of determining a copying condition accord-
ing to claim 6, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
Image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original 1mages, a
relationship between the plurality of kinds of characteristic
amounts of an 1image and the correction amount 1s obtained
In advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original 1mage
to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 7, 8, or 9, the plurality of kinds of charac-
teristic amounts of an 1mage of the original 1mage,
including the characteristic amount of the determined
region having the high probability of being the region
corresponding to the principal portion, are obtained,

wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the

copying condition of the original 1mage 1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1mage of the
original 1mage and i1nformation representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship i1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an 1mage
stored with respect to the plurality of original 1images
and the information representing the correction amount
for the copying condition.

19. Amethod of determining a copying condition accord-
ing to claim 18, wherein the original images are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an i1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an image of the original 1image, a determi-
nation 1s made as to to which one of the groups the
original 1mage to be copied belongs, the correction



3,978,100

43

amount for the copying condition 1s calculated by using,
said relationship corresponding to the determined
group, and the information representing the plurality of
kinds of characteristic amounts of an i1mage of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship 1s updated for each of the groups

at the predetermined timing.

20. A method of determining a copying condition accord-
ing to claim 18, wherein the information representing the
plurality of kinds of characteristic amounts of an 1mage of
the original 1mages which determined the copying condition
and the information representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 15 made at a predetermined timing as to
whether or not an original 1image for which the deter-
mined copying condition 1s required to be further
corrected and an original 1mage for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,
whereln, 1n a case where 1t 1s determined that said 1mages
can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original images for which the
determined copying condition was further corrected 1s
obtained in advance on the basis of the stored
information, and in the determination of the copying
condition, whether or not the original image to be
copied onto the copying material 1s the original image
for which the determined copying condition 1s required
to be further corrected 1s determined on the basis of at
least one of the plurality of kinds of characteristic
amounts of an 1image of said original image, whereas 1n
a case where it 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copymg condition is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

21. A method of determining a copying condition accord-
ing to claim 7, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original images, a
relationship between the plurality of kinds of characteristic
amounts of an 1image and the correction amount 1s obtained
In advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original image
to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 2, 5, 8, or 9, the plurality of kinds of
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characteristic amounts of an 1mage of the original
image, including the characteristic amount of the deter-
mined region having the high probability of being the
region corresponding to the principal portion, are
obtained,

wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the
copying condition of the original 1mage i1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1mage of the
original 1mage and i1nformation representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship i1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an 1mage
stored with respect to the plurality of original 1images
and the information representing the correction amount
for the copying condition.

22. A method of determining a copying condition accord-
ing to claim 21, wherein the original images are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an i1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an 1mage of the original 1mage, a determi-
nation 1s made as to to which one of the groups the
original 1mage to be copied belongs, the correction
amount for the copying condition 1s calculated by using,
said relationship corresponding to the determined
oroup, and the information representing the plurality of
kinds of characteristic amounts of an image of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship 1s updated for each of the groups

at a predetermined timing.

23. A method of determining a copying condition accord-
ing to claim 21, wherein the information representing the
plurality of kinds of characteristic amounts of an 1mage of
the original 1mages which determined the copying condition
and the 1nformation representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 1s made at a predetermined timing as to
whether or not an original 1mage for which the deter-
mined copying condition 1s required to be further
corrected and an original image for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,

wherein, 1n a case where 1t 1s determined that said 1images
can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original images for which the
determined copying condition was further corrected 1s
obtained 1n advance on the basis of the stored



3,978,100

45

information, and in the determination of the copying

condition, whether or not the original image to be

copied onto the copying material 1s the original image

for which the determined copying condition 1s required

to be further corrected 1s determined on the basis of at

least one of the plurality of kinds of characteristic
amounts of an 1image of said original image, whereas 1n
a case where 1t 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copying condition 1is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

24. A method of determining a copying condition accord-
ing to claim 11, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original images, a
relationship between the plurality of kinds of characteristic
amounts of an 1image and the correction amount 1s obtained
In advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original image
to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 1, 2, or §, the plurality of kinds of charac-
teristic amounts of an 1mage of the original 1mage,
including the characteristic amount of the determined
region having the high probability of being the region
corresponding to the principal portion, are obtained,

wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the
copying condition of the original image 1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1mage of the
original 1image and information representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship 1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an image
stored with respect to the plurality of original 1mages
and the information representing the correction amount
for the copying condition.

25. A method of determining a copying condition accord-
ing to claim 24, wherein the original 1mages are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an i1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an 1mage of the original 1image, a determai-
nation 1s made as to to which one of the groups the
original 1mage to be copied belongs, the correction
amount for the copying condition 1s calculated by using
said relationship corresponding to the determined
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ogroup, and the information representing the plurality of
kinds of characteristic amounts of an image of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship 1s updated for each of the groups

at the predetermined timing.
26. A method of determining a copying condition accord-
ing to claim 24, wherein the information representing the

plurality of kinds of characteristic amounts of an 1mage of
the original images which determined the copying condition
and the information representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copyling condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 1s made at a predetermined timing as to
whether or not an original 1mage for which the deter-
mined copying condition i1s required to be further
corrected and an original 1mage for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,
wherein, 1n a case where 1t 1s determined that said 1images
can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original 1mages for which the
determined copying condition was further corrected 1s
obtained 1n advance on the basis of the stored
information, and in the determination of the copying
condition, whether or not the original image to be
copied onto the copying material 1s the original image
for which the determined copying condition 1s required
to be further corrected 1s determined on the basis of at
least one of the plurality of kinds of characteristic
amounts of an 1image of said original image, whereas 1n
a case where 1t 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copying condition 1is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

27. Amethod of determining a copying condition accord-
ing to claim 13, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original images, a
relationship between the plurality of kinds of characteristic
amounts of an 1image and the correction amount 1s obtained
In advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original 1mage
to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 1, 2, 5 or 9, the plurality of kinds of
characteristic amounts of an 1mage of the original
image, including the characteristic amount of the deter-
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mined region having the high probability of being the
region corresponding to the principal portion, are
obtained,

wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the
copying condition of the original image 1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1image of the
original 1mage and information representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship 1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an image
stored with respect to the plurality of original 1mages
and the information representing the correction amount
for the copying condition.

28. A method of determining a copying condition accord-
ing to claim 27, wherein the original 1mages are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an i1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an 1mage of the original 1mage, a determai-
nation 1S made as to to which one of the groups the
original 1mage to be copied belongs, the correction
amount for the copying condition 1s calculated by using,
said relationship corresponding to the determined
ogroup, and the information representing the plurality of
kinds of characteristic amounts of an image of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship 1s updated for each of the groups

at the predetermined timing.

29. A method of determining a copying condition accord-
ing to claim 27, wherein the information representing the
plurality of kinds of characteristic amounts of an 1mage of
the original 1mages which determined the copying condition
and the information representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 1s made at a predetermined timing as to
whether or not an original 1mage for which the deter-
mined copying condition 1s required to be further
corrected and an original image for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,

wherein, 1n a case where 1t 1s determined that said 1mages
can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original images for which the
determined copying condition was further corrected 1s
obtained in advance on the basis of the stored
information, and in the determination of the copying
condition, whether or not the original image to be
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copied onto the copying material 1s the original 1mage

for which the determined copying condition is required

to be further corrected 1s determined on the basis of at

least one of the plurality of kinds of characteristic
amounts of an 1image of said original image, whereas 1n
a case where 1t 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copying condition 1is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.

30. A method of determining a copying condition accord-
ing to claim 14, wherein a plurality of kinds of characteristic
amounts of an 1mage, including a characteristic amount of an
image 1n a region corresponding to a principal portion of an
original 1mage or 1n a region having a high probability of
being a region corresponding to the principal portion, are
obtained with respect to a plurality of original 1mages, and,
on the basis of the obtained plurality of kinds of character-
istic amounts and a correction amount for the copying
condition of each of the plurality of original images, a
relationship between the plurality of kinds of characteristic
amounts of an 1mage and the correction amount 1s obtained
in advance,

wherein after the region having the high probability of
being the region corresponding to the principal portion
has been determined with respect to the original image
to be copied onto the copying material, by the method
of determining a principal portion according to any one
of claims 1, 2, § or 9, the plurality of kinds of
characteristic amounts of an 1mage of the original
image, including the characteristic amount of the deter-
mined region having the high probability of being the
region corresponding to the principal portion, are
obtained,

wherein the correction amount 1s calculated on the basis
of the determined plurality of kinds of characteristic
amounts of an 1mage and said relationship, and the
copying condition of the original 1mage 1s determined
by using the correction amount,

wherein information representing the determined plurality
of kinds of characteristic amounts of an 1mage of the
original 1image and information representing a finally
used correction amount for the copying condition are
stored, and

wherein said relationship 1s updated at a predetermined
timing on the basis of the information representing the
plurality of kinds of characteristic amounts of an 1mage
stored with respect to the plurality of original 1images
and the mnformation representing the correction amount
for the copying condition.

31. A method of determining a copying condition accord-
ing to claim 30, wherein the original images are classified
into a plurality of groups on the basis of a predetermined
characteristic amount of an i1mage, and the relationship
between the plurality of kinds of characteristic amounts of
an 1mage and the correction amount for the copying condi-
tion 1s obtained for each of the groups,

wherein, on the basis of the predetermined characteristic
amount of an 1image of the original 1image, a determi-
nation 1s made as to to which one of the groups the
original 1mage to be copied belongs, the correction
amount for the copying condition 1s calculated by using,
said relationship corresponding to the determined
oroup, and the information representing the plurality of
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kinds of characteristic amounts of an 1mage of the
original 1mage and the information representing the
finally used correction amount for the copying condi-
tion are stored separately for each of the groups, and

wherein said relationship is updated for each of the groups

at the predetermined timing.

32. A method of determining a copying condition accord-
ing to claim 30, wherein the information representing the
plurality of kinds of characteristic amounts of an 1mage of
the original images which determined the copying condition
and the information representing the finally used correction
amount for the copying condition are stored separately for a
oroup for which the determined copying condition was
further corrected and a group for which the determined
copying condition was not corrected,

wherein, on the basis of the stored information, a deter-
mination 1s made at a predetermined timing as to
whether or not an original 1mage for which the deter-
mined copying condition 1s required to be further
corrected and an original 1mage for which the deter-
mined copying condition 1s not required to be corrected
can be distinguished 1n advance on the basis of at least
one of the plurality of kinds of characteristic amounts
of an 1mage,
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wherein, 1n a case where 1t 1s determined that said 1mages

can be distinguished 1n advance, a relationship between
the plurality of kinds of characteristic amounts of an
image and the correction amount for the copying con-
dition concerning the original images for which the
determined copying condition was further corrected 1s
obtained 1n advance on the basis of the stored

information, and in the determination of the copying
condition, whether or not the original image to be
copied onto the copying material 1s the original image
for which the determined copying condition 1s required
to be further corrected 1s determined on the basis of at
least one of the plurality of kinds of characteristic
amounts of an 1mage of said original 1mage, whereas 1n
a case where 1t 1s determined that the determined
copying condition 1s required to be further corrected,
the correction amount for the copying condition 1is
obtained by using said relationship obtained with
respect to the original images for which the determined
copying condition was corrected, so as to determine the
copying condition.




	Front Page
	Drawings
	Specification
	Claims

